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Porcellanite is a lithic material that was used by early Māori to manufacture flake tools 
in Murihiku. This thesis examines how porcellanite was procured during the early 
colonisation of Murihiku. How lithic sources were utilised is important for studying the 
colonisation of new landscapes, as lithic sources begin as unknown variables at the onset 
of colonisation. Known porcellanite source sites were surveyed and material was 
archaeologically and geologically characterised, since the quality, form and availability 
of raw material influences the lithic production process. Evidence regarding how material 
was procured was identified, as decisions made at lithic procurement sites impact all 
subsequent aspects of a subsistence system. Raw porcellanite samples were collected 
from surveyed source sites and were subject to hand-specimen characterisation and pXRF 
analysis. pXRF analysis of porcellanite was highly experimental, but the results showed 
confident separation between the known porcellanite sources. A small porcellanite flake 
assemblage from the Shag River Mouth site was also analysed by pXRF and the majority 
of artefacts were positively correlated with the known source samples. The research of 
this thesis assessed how archaeologically recorded porcellanite sources were utilised, and 
in turn, this helped to better understand landscape exploration, settlement patterns and 
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The settlement of New Zealand occurred during the last phase of the Austronesian 
expansion, after colonising populations had moved from Near Oceania into Remote 
Oceania circa 3000 BP. New Zealand was the last link in the chain of island colonisations 
during a final pulse into East Polynesia circa 1100–1350AD. The colonisation of a new 
landscape presents a host of challenges to the colonisers, and exploration and resource 
discovery provide the foundations for successful settlement. How people become 
familiarised with novel environments is often termed “landscape learning” (Rockman, 
2003). Studies of how resources were located and utilised can provide invaluable insights 
into cultural systems. An archaeological investigation into lithic resource use during 
colonisation is a particularly useful line of enquiry because lithic artefacts are plentiful, 
geological materials vary by source and have different qualities, and they may be 
unevenly distributed across the landscape. The identification and procurement of lithic 
resources is significant because their location and properties are initially complete 
unknowns in a new landscape. The successful incorporation of new types of lithics into a 
technological system reflects successful colonisation of a new landscape. By studying 
how lithic sources were utilised, we can begin to understand settlement strategies and 
colonisation processes. 
In Murihiku, landscape learning and lithic procurement strategies are an underexplored 
facet of archaeology. Murihiku is a Māori word transliterated to “the tail end”, and is a 
widely used, but poorly defined geographic term used to demarcate the area of the 
southern South Island. For the purpose of this thesis, Murihiku will be understood to 
encompass the region south of the Waitaki River (see Figure 1-1). Although flake tools 
were manufactured throughout New Zealand, they were particularly predominant in 
Murihiku during the early settlement phase.  One material that was used to manufacture 
flake tools in Murihiku was porcellanite. Porcellanite is formed from clay or argillaceous 
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sediments that have undergone thermal metamorphism – resulting in a hard, dense, and 
vitreous rock resembling unglazed porcelain, after which it is named. The term 
porcellanite, has however, been used to describe a wide variety of rocks from impure 
chert, to baked clay, to silicified tuff (Rapp, 2009, p. 323). Little research has been 
published on porcellanite by either archaeologists or geologists, likely owing to the 
geological restriction of small, sporadic outcrops of porcellanite to the lower South Island. 
There are few publications detailing porcellanite source sites, or how material was 
procured. It is known that there is a range of variation in both the colour and quality of 
porcellanite, both inter and intra known sources, but currently there are no methods 
available to identify which source sites porcellanite artefacts originated from. This thesis 
intends to fill the void of knowledge on porcellanite lithics in Murihiku.  
 
FIGURE 1-1. MAP SHOWING THE SOUTH ISLAND OF NEW ZEALAND AND THE NORTHERN BOUNDARY OF 
MURIHIKU AS DEFINED IN THIS THESIS. 
Interpreting human mobility and settlement is one of the most difficult fields in 
archaeology. The spatio-temporal dynamics of human mobility are often inferred or 
interpreted using artefactual movement. How colonisers to a new landscape exploited 
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lithic raw material sources can provide an understanding of resource-use strategies and 
settlement patterns. By studying lithic procurement, we can recreate the system in which 
resources were procured and potentially identify factors which may have influenced lithic 
manufacture. The form of raw material influences lithic production sequences. By 
attempting to identify exploitation methods and spatial organisation, we can attempt to 
map mobility and identify settlement patterns. A method which may assist in this 
endeavour is trace element analysis. If porcellanite can be successfully differentiated 
through trace element analysis, then this will provide us with extra methods through 
which to study colonisation, mobility and settlement. This chapter will introduce the New 
Zealand archaeological framework, specifically that of Murihiku. The contents of each 
chapter will briefly be explained. 
1.2 SETTLEMENT OF MURIHIKU AND THE SOUTHERN BLADE INDUSTRY 
Initially, the difficulties of occupation were alleviated somewhat by the ready availability 
of large avifauna and sea mammals which were hunted to extinction and extirpation. 
Chief amongst these were moa (Aves: Dinornithiformes), which were large flightless 
ratites endemic to New Zealand. Early colonisation and settlement focused on avifauna 
and sea mammals. Anderson and Smith (1996) termed the phenomena ‘transient villages’, 
in which early Māori had large settlements that targeted local resources and provided a 
base for procurement forays. Once local resources were depleted, the village was 
abandoned, and the process began anew. Transient villages were often located at river 
mouths, where a variety of resources could be collected. River mouths would have also 
provided mana whenua with inland access routes. Tool stone often associated with moa 
hunting sites, especially silcrete and porcellanite, was available in the interior of 
Murihiku. These lithic materials would have been procured in unison with hunting, 
although procurement may have been opportunistic rather than planned.  
The term ‘southern blade industry’ has been used by Anderson (1989) to refer to the 
production of butchery tools from long, thin silcrete and porcellanite flakes often 
exhibiting edge retouch. In the wider archaeological literature blades are conventionally 
defined as flakes with dimensions twice as long as they are wide. The most formal or 
intentional versions of blades are those struck sequentially from a prepared core, 
exhibiting parallel edges and regular trapezoidal cross sections – known as ‘prismatic 
blades’. A true prismatic blade technology has been argued to have developed in early 
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southern New Zealand by Leach (1984; Leach and Leach, 2019). However, retouched 
blade flakes found in moa hunting contexts are not always ‘true’ prismatic blades, 
suggesting opportunistic selection of flakes with long cutting edges as much as a 
standardized ‘industry’.   
Blades in Murihiku were produced using locally suitable materials that allowed for the 
production of expedient cutting edges and low transport cost (due to the low weight of 
thin flakes). The general process of blade manufacture (from Leach, 1984, p. 110) was as 
follows: quarrying or procurement, quartering, transportation to work areas, 
decortication, platform preparation and then striking of blades. In Leach’s analysis of the 
Oturehua silcrete quarry, these activities occurred at the site of initial lithic procurement, 
but it is possible that in some cases raw material or incomplete flakes were transported to 
other sites for reduction.  
Because they are long and thin, blade artefacts are often found snapped or fragmented. 
Broken blades can be identified by the presence of longitudinal ridges (arrises) on the 
dorsal surface (Smith et al., 1996, p. 77). The longitudinal ridges result from the removal 
of other blades and flakes from the same core. When properly prismatic, the cross-
sections of blades are either triangular or quadrilateral and can be asymmetrical, with one 
steeper side. The edges of blades can either be unmodified or retouching may be present.  
Blades have come to be associated with moa hunting due to the two being frequently 
found in stratigraphic association. Blades are associated with the earliest occupation 
phases and their manufacture seems to cease with the end of moa hunting. They are most 
commonly discovered in oven and midden sites throughout coastal Murihiku. Inland moa 
processing and midden sites also contain blades, but there are, in general, less recorded 
pre-European archaeological sites in the interior of the South Island. Porcellanite and 
silcrete were the main lithic materials used to manufacture blades as well as other flaked 
tools.  
1.3 RESEARCH PROBLEM  
Studies of lithic procurement can provide a framework for better understanding patterns 
of colonisation, landscape learning, and population mobility. The initial exploration and 
identification of lithic resources may not always have been deliberate, but lithic 
procurement and manufacture were purposeful.  
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Porcellanite sources were targeted early in the sequence of New Zealand’s colonisation. 
However, even in early Murihiku assemblages, porcellanite is scarce. Limited research 
has been completed on raw porcellanite material or artefacts. Anderson (1989, p. 160) has 
suggested there were 15 porcellanite source locations in New Zealand. However, a simple 
search of the New Zealand Archaeological Association’s (NZAA) site recording scheme 
(ArchSite) reveals that not all of these are recorded archaeological sites. There is no 
definitive information regarding porcellanite source sites. It is not known how 
porcellanite sources differ inter-site, how material was procured at the sites, or to what 
extent, if any, tools were manufactured at the site of procurement. With more information 
on porcellanite procurement sites, variation in source material, and patterns of 
exploitation, more knowledge could be gained on landscape exploration and resource use 
strategies in the early colonisation of New Zealand. 
1.4 RESEARCH AIMS 
The following research aims have been identified to help explore the above themes in this 
thesis: 
• The identification of the geological characteristics of naturally occurring 
porcellanite in Murihiku, and whether this varies by source. 
• The description and archaeological characterisation of porcellanite source sites 
with evidence of exploitation. 
• The identification of porcellanite procurement strategies. Were the same methods 
always used to procure material? Is there is any variation between sites, and if so, 
what is the cause of this variation?  
• The identification of whether tools were produced at procurement sites, or 
whether material was removed for reduction elsewhere.  
• Can porcellanite be geologically characterised and differentiated by source? Hand 
specimen and geochemical characterisation will be explored.  
To address these aims, porcellanite procurement sites will be visited and systematically 
characterised in terms of both geology and cultural modification. Thorough site 
descriptions will be produced that will help to identify how porcellanite was procured and 
what was done with the material once it was extracted. 
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The secondary aim of the research is to investigate whether porcellanite sources in New 
Zealand can be differentiated through visual and geochemical characterisation. If 
successful, this could provide further methods through which to consider resource 
exploitation strategies and mobility patterns. Samples of culturally unmodified 
porcellanite will be obtained during site visits for geochemical analysis. If 
characterisation is robust and successful, this could lead to inferences on the role of 
individual sources within early landscape exploration and resource use strategies.   
1.5 THESIS OUTLINE 
1.5.1 CHAPTER TWO – MURIHIKU 
Early Māori settlement of Murihiku will be introduced to provide the cultural context for 
this thesis. Subsistence and settlement will be discussed to understand the broader 
dynamic of early human activity in Murihiku. Included in this discussion will be 
information on moa-hunting and landscape learning to provide a framework through 
which to view colonisation.  
1.5.2 CHAPTER THREE – LITHICS 
Lithic procurement research will be introduced in this chapter to provide the empirical 
context for this thesis. Research on lithic procurement in Polynesia will be discussed, 
including how raw material was procured and utilised. This will allow for the author’s 
research to continue in a similar convention and create a clear goal. There is little research 
into porcellanite procurement, but this chapter will attempt to define the procurement sites 
so that they may be further researched. The New Zealand phenomenon referred to as the 
southern blade industry will be explored as porcellanite was largely used to manufacture 
blades.  
1.5.3 CHAPTER FOUR – FIELD WORK 
This chapter will present the results of the procurement sites which were surveyed. All 
the porcellanite procurement sites in New Zealand, which only occur in Murihiku, will 
be visited. Field surveys will provide information on the raw material form and will note 
if it was exploited. If the material was exploited for lithic production, this too will be 
discussed.  
1.5.4 CHAPTER FIVE – GEOLOGICAL ANALYSIS 
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The results of geological hand analysis will be presented in this chapter. Samples which 
were collected from unmodified raw material will be analysed to identify factors which 
may have influenced lithic production.   
1.5.5 CHAPTER SIX – PXRF ANALYSIS 
pXRF analysis has never been performed on New Zealand porcellanite. Lithic 
characterisation can act as a proxy for human movement. This chapter will present the 
results of the experimental analysis.  
1.5.6 CHAPTER SEVEN – DISCUSSION 
This chapter will integrate the results of the field work, geological analysis and pXRF 
analysis. The initial research aims will be reintroduced, and the results will be discussed 
in terms of their archaeological context. 
1.5.7 CHAPTER EIGHT – CONCLUSION 
The final chapter of this thesis will summarize all other chapters. Definitive answers will 
be given to the research aims that began this entire undertaking. Attention will be drawn 









The Murihiku region of the South Island was settled by early Māori in the late thirteenth 
to early fourteenth century AD. Horticulture was precluded in Murihiku due to climatic 
constraints and thus, early settlers to the region were reliant upon wild food resources. 
Settlement patterns which reflect the distribution resources, has created a unique 
landscape for archaeological investigations. Porcellanite procurement sites only occur in 
Murihiku and the exploitation of these sites is intrinsically linked to the big game hunting, 
fishing and fowling practices that have characterised settlement in the far south. 
Particularly, moa hunting and porcellanite procurement are associated. This chapter will 
introduce early Māori settlement in Murihiku to provide a cultural context for this thesis. 
This will be done by examining and investigating what is currently known about 
colonisation and settlement in the region. Theories of moa hunting and mobility patterns 
will be discussed to contribute to both the settlement history of Murihiku and the wider 
background of lithic procurement, which will then be extrapolated upon in the following 
chapter.  
2.2 SETTLEMENT OF NEW ZEALAND 
Colonisation is the movement and establishment of populations to a previously 
unoccupied landscape. New Zealand was colonised by voyagers from tropical East 
Polynesia no earlier than during the latter half of the thirteenth century AD (Walter et al., 
2017). Colonists brought a tropical agricultural system with them that was largely ill-
suited to the climate of New Zealand, which spans from sup-tropical to sub-Antarctic. 
However, horticultural cultigens were successfully transferred to the areas north of Banks 
Peninsula, in Canterbury. Kurī (Canis lupus familiaris), the extinct Polynesian dog and 
kiore (Rattus exulans), the Polynesian rat, were the only animals successfully relocated 
with colonists. Despite the limited protein introduced, Polynesian colonists encountered 
a continental landmass rich in meat resources courtesy of endemic fauna. Other resources 
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throughout New Zealand were rapidly discovered and exploited following colonisation 
through a process of landscape learning. 
The exploration and colonisation of New Zealand was rapid, and lithic resource 
exploitation can be used as a testament to this, as will be discussed further later. A 
successful colonisation requires that resources be discovered, identified and procured. 
Resource procurement strategies that were utilised as part of a prior subsistence 
framework may not always be transferrable to a new landscape. As noted previously, the 
Polynesian agricultural system that was translocated with the first settlers had to be 
adapted to New Zealand’s unique environment. Procurement strategies and settlement 
patterns in New Zealand were also adapted or changed. 
2.3 EARLY SETTLEMENT AND SUBSISTENCE IN MURIHIKU 
Details of the colonisation of Murihiku in New Zealand’s settlement history provide the 
fundamental context in which to examine porcellanite procurement. Large flakes made 
of porcellanite are characteristic of moa processing sites and the earliest stages of 
colonisation. This chronological restriction is reasonably associated with moa hunting 
and their subsequent extinction. The arrival of humans in New Zealand resulted in mass 
faunal extinction, predominantly that of avifauna. New Zealand’s avifauna had evolved 
in a niche environment in which they were largely free from predation. Evidence from 
the earliest archaeological sites in Murihiku show that moa were a major dietary source 
for Polynesian settlers (Holdaway and Jacomb, 2000). Butchered moa remains rapidly 
disappear from archaeological sites, evidencing overkill and extinction (Holdaway and 
Jacomb). Moa were likely entirely extinct by 150-200 years after human settlement (Perry 
et al., 2014). Although moa bone, particularly tibiotarsi, continued to be used for tool and 
artefact production (Nagaoka, 2005, p. 1336). Flake stone tools, such as blades, are 
frequently found together with moa remains in archaeological sites. Silcrete was the most 
commonly used material for the production of large flakes, followed by porcellanite. 
Other siliceous rocks, such as chert and chalcedony were also utilised for flake tools. The 
association between moa remains and flake tools has long been noted in New Zealand 
archaeology.  
Archaeological literature favours the model of transient villages as the primary settlement 
type for Murihiku during the early settlement phase (see Anderson and Smith, 1996; 
Anderson et al., 1996; Walter et al., 2006). Early settlements in Murihiku were 
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strategically located to allow for resource maximisation. The largest settlements were 
located near clusters of ‘big game’ or, avifauna and marine mammals (Walter et al., 2006, 
p. 278). These early settlements were concentrated along the eastern seaboard and were 
located at the mouths of rivers (see Figure 2-1). Strategic settlements provided access to 
immediate resources and facilitated both coastal and inland travel. Early settlements were 
often spatially large (>5 ha) but temporally short. Radiocarbon dates suggest that 
settlement occupation lasted no longer than a generation (Anderson and Smith, 1992) or 
20–50 years (Anderson and Smith, 1996). The transient village model is thus named, as, 
after resources were depleted, settlements were likely relocated and the cycle of resource 
depletion following by resettlement began anew.  
 
FIGURE 2-1. MAP SHOWING PRE-EUROPEAN MĀORI SITES IN THE SOUTH ISLAND OF NEW ZEALAND. 
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Murihiku was found by Smith (2004, p. 25) to have the lowest dietary reliance on fish 
compared to other New Zealand regions. This only changes in later settlement periods 
when marine mammals and avifauna drastically decline from the archaeological record 
of Murihiku. A higher reliance and dedication to specialised fishing practices could also 
be indicative of more permanent and less transient settlements. Nagaoka (see Nagaoka 
2002; 2005) has shown that at the Shag River Mouth, diet breadth increases over time as 
favoured resources decrease. While resources decrease, so too does the body size of prey 
as species are extirpated. The depletion of resources in the vicinity of the Shag River 
Mouth would have forced settlers to gather further afield or would have forced them to 
resettle elsewhere. Subsistence in Murihiku was not entirely reliant upon meat resources. 
Tī (Cordyline australis) and bracken fern (Pteridium esculentum) provided vegetation 
sources of carbohydrate throughout the South Island (Walter et al., 2006).  
Following the depletion of resources throughout Murihiku, subsistence strategies shifted 
to focus on remaining resources. Fishing and shellfish became more important resources 
and settlements shifted to focus more intensively on these (Walter et al, 2006, p. 278). 
Smaller avifauna also became a resource-focus, with shifts to fowling increasing over 
time (Anderson, 1996). However, human populations would have suffered after major 
resource depletion with no sustainable alternatives available. Following the decline of 
moa and seal populations throughout Murihiku, it is likely the area was largely abandoned 
(Anderson et al., 1996, Jacomb et al., 2010). Jacomb and colleagues (2010) note a gap in 
identified sites in southern Murihiku between ~1600-1800AD and this gap is used to 
support models of dispersal and decline.  
2.3.1 MOA HUNTING 
New Zealand, like most islands, is subject to prevailing winds which drastically affect the 
regional environment. A windward side of an island is that which is exposed to the 
prevailing winds, whereas its counterpart, the leeward side, are areas which are provided 
with shelter due to the topography. The windward-leeward cline affects rainfall patterns 
and this orographic effect is familiar throughout Polynesia. Windward areas are 
frequently wetter than their leeward counterparts, as the moisture picked up by the trade 
winds makes landfall in the windward areas first and as the moist air rises over higher 
altitudes, it dries out. Around two-thirds of New Zealand’s landmass is characterised as 
a windward area. Yet, it was the leeward areas, with open forest, shrubland and 
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grasslands, that provided the largest populations of faunal resources for mana whenua 
(Anderson, 2018, p. 399).  
In the South Island, moa became extinct within 120 years of human settlement, 
(Anderson, 1989; McWethy et al., 2010). Habitat destruction and hunting decimated the 
slow-breeding, long-lived, K-selected species. In mountainous areas and wetlands of the 
windward areas, moa populations were low in comparison more favourable leeward 
habitats such as lowlands and forest; these habitats were also favourable for human 
occupation. Moa eggshell has been found in archaeological sites (Holdaway et al., 2014) 
which implies that all moa-associated resources were targeted.  
 
FIGURE 2-2. MAP SHOWING SOUTH ISLAND SITES ASSOCIATED WITH MOA. 
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A simple search of the NZAA ArchSite records was used to create the above map (Figure 
2-2). Site descriptions were filtered to include all sites with the word ‘moa’ in their 
descriptions. The results were imported into a GIS. The resulting figure highlights the 
coastal density of archaeological sites associated with moa. It is important to note that the 
sites pictured are not necessarily sites associated directly with moa hunting. Moa bone 
was often re-used after the avifauna were extirpated (Nagaoka, 2005). The sites pictured 
may represent secondary depositions of moa remains. Most SRF’s detail little 
chronological information so it would be difficult to ascertain the exact nature of the moa 
deposition. Regardless, the spatial distribution of moa sites is still indicative of human 
subsistence patterns; there are concentrations around the coastlines and along the major 
river valleys. Moa would have been both singularly and communally hunted. Remains 
could have been processed at kill sites or transported to processing sites. 
2.4 MOBILITY 
Studies of mobility gained traction after the publication of Binford’s (1978; 1979; 1980) 
ethnoarchaeological research on Nunamiut in Alaska. Prior to Binford’s research, the 
pioneering works of Willey, Sahlins, and Service (1953; 1958; 1967) introduced 
conceptual frameworks for understanding socio-political developments and settlement 
patterns. The concept of mobility refers to how humans move across the landscape and 
interact with the environment (Jones et al., 2003, p. 5). Defining settlement and 
subsistence dynamics and inferring mobility is an archaeological challenge. Kelly (1992) 
notes that mobility involves several sub-components, including the size of the territorial 
range, frequency of residential or logistical moves and inter-group aspects of who moves. 
Mobility can be inferred using geological characterisation of archaeological lithic 
assemblages (see Beck and Jones, 1990; Jones et al., 2003, p. 6). Kelly (1992, p. 55) 
critiques this by noting that lithics provide only an indication of range, rather than 
mobility, as raw material is not always accessed directly. Lithic raw material can be 
acquired through trade or residential movement. Whether mobility influences lithic 
technology is still a debated topic. Most concede however, that technology can be 
constrained by mobility (see Torrence, 1989, p. 62; Jones et al., 2003, p. 6). Subsistence 
patterns remain the most important variable aspect affecting mobility (Kelly, 1992, p. 46). 
2.4.1 MOBILITY IN NEW ZEALAND ARCHAEOLOGY 
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Human movement can rarely be specified as singular events or activities in the 
archaeological record. Singular activities are not systematically represented, and 
distinguishing movement and mobility is difficult without the use of proxies. Walter et 
al., (2010) describe early settlement as the coloniser phase in New Zealand’s prehistory. 
This phase is characterised by a wide-spread push to gain resource and environmental 
knowledge through expansion, and exploration. The coloniser phase could be likened to 
landscape learning. Walter and colleagues (2010) used the lithic materials of obsidian and 
pounamu (nephrite) as proxies for human mobility. Over time, the long-distance 
movement of obsidian from Mayor Island declines with the establishment of stable 
communities. Trade and exchange links became more important for establishing social 
connections. In later periods, pounamu was a high-status material, prized for its cutting 
ability and for its ceremonial significance. The natural occurrence of pounamu is spatially 
restricted to the western coast of the South Island and so the nationwide distribution of 
pounamu artefacts can be used as a proxy for enduring trade networks.  
Walter et al. argue that mobility decreased in New Zealand over time as resources were 
depleted and more permanent subsistence methods came to fruition. The work of Phillips 
et al., (2016) tests this model in the northern North Island. Phillips et al., found a wide 
variety of lithics at the early Māori site of Tauroa. Some of these lithics would have been 
easily procured, despite the distance needed to be travelled to acquire them. These lithics 
were not intensively utilised, suggesting a limited period of occupation. Limited 
occupation suggests high mobility. Early mobility is further supported by bone chemistry 
analysis undertaken at the large Wairau Bar settlement site in the northern South Island 
(Kinaston et al., 2013). Strontium levels suggest high population mobility amongst the 
earliest settlers to New Zealand. Later in time, luxury lithics circulate, evidencing 
continued levels of mobility for trade, but not for subsistence. This is further evidenced 
by the emergence of pā and fortified settlements in later New Zealand history (Schmidt, 
1996).  
2.5 CASE STUDY: THE SHAG RIVER MOUTH SITE 
The mouth of the Shag River (Waihemo) provided early Māori with shelter, resources, 
and ready access to the interior of New Zealand. This prime location was settled in the 
late thirteenth to early fourteenth centuries AD but was likely occupied for less than a 
century. This archaeological site has come to epitomize the early settlement of Murihiku 
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and a lithic assemblage from this archaeological site is investigated later in this thesis. To 
preface the analysis presented in Chapter Six, a short case study will be presented here.  
2.5.1 HISTORY OF INVESTIGATIONS 
The Shag River Mouth (or simply Shag River) site (J43/2) is located on the southern bank 
of the Shag River in coastal North Otago (see Figure 2-3). The site is situated on both the 
sand spit adjacent to the estuary, and shoreline and extends to the swampy flat ground 
further back from the water.  
 
 
FIGURE 2-3. EARLY 20TH CENTURY PHOTOGRAPH OF THE SHAG RIVER MOUTH (HOCKEN SNAPSHOP, 
2019). 
Covering approximately 3ha in area, the site provided immediate access to ocean, river 
and estuarine resources from both rocky and sandy shores (Anderson et al., 1996). Forest 
and tussock coverage would likely have covered the now barren hills and provided further 
resources for settlement. Investigations first began at the site in 1874 under the 
supervision of Julius von Haast (Haast, 1874, p. 91) who had been informed that there 
were extensive middens with moa bones at the mouth of the Shag River. Haast identified 
‘chipped flint implements’, similar to those he had collected previously from the Rakaia 
River Mouth site in Canterbury (ibid). Haast found that moa bones were present only in 
 
16 
the earliest strata of the site, and absent from later strata which were composed of fish 
and shellfish midden. He did not identify any fish or shellfish in the earliest layers of the 
site. This suggested to Haast that there were two separate phases of occupation at the Shag 
River Mouth site. Hutton, the Curator of the Otago Museum, along with his assistant, B.S. 
Booth, arrived in the following year, 1875, to examine the site and came to a different 
conclusion to that of Haast. Hutton did not identify anything to suggest two-phases of 
occupation (Hutton, 1876, p. 104), instead finding fish, shellfish and moa remains 
scattered throughout all stratigraphic layers. Anderson (1989) rediscovered Booth’s site 
notes which had previously been lost. These site notes describe a middle ground, wherein 
there was a stratigraphic division between the earliest layers richest in moa remains, and 
the overlying layers richest in shellfish and fish midden. After Hutton, there were 
excavations by Hamilton in 1890 (1890 in Anderson, 1989a, p. 134) and H.D. Skinner 
and Teviotdale in the 1920s. Despite a history of investigation at the Shag River Mouth, 
systematic excavations did not begin until the late 1980s with Atholl Anderson and others 
from the University of Otago.  
2.5.2 1980S INVESTIGATIONS, EXCAVATIONS AND MATERIAL 
A programme of work was initiated in the late 1980s by Atholl Anderson with the aim of 
trying to solve the site’s history and collect material for dating analysis. Small excavation 
units were opened in 1987, revealing undisturbed archaeological material. In 1988, a 
larger excavation was undertaken on a section of high dunes on the sand spit, revealing 
large quantities of faunal and artefactual remains. A final excavation was undertaken in 
1989 along the estuary bank. Anderson’s excavations uncovered nine cultural layers, 
oven and pit features, postholes and an abundance of dating material. Nearly 50 
radiocarbon dates produced from analysis of shell, bone and charcoal produced a 
chronological sequence that spans from 1250AD-1450AD (Anderson, Smith and 
Higham, 1996, pp. 60-69).  
The site has proven to be one of the richest sources of artefactual material yet excavated 
in New Zealand. A wide variety of lithics, including but not limited to, adzes, blades, 
files, drillpoints, chisels, grindstones and waste flakes have been recovered from the Shag 
River Mouth site. Many other artefacts such as fish hooks, sinkers, jewellery, and 
weaponry have also been recovered. The diversity and scope of material culture is 
indicative of extended settlement. Anderson and Smith (1996), identified the site as a 
prime example of permanent settlement at a transient site. Sites in Murihiku, such as Shag 
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River Mouth, were occupied continuously for some years and abandoned once resources 
had been depleted. These sites have come to be known as transient villages, and 
frequently occur at the mouths of large rivers.  
A wide variety of lithic materials were identified during analysis of artefacts recovered 
from SRM. The lithic assemblages from across the site are comprised of both local and 
imported stone types. The following stone types were identified, in order of most 
numerous to least: silcrete, chalcedony, chert, basalt, obsidian, porcellanite, argillite, 
quartz, nephrite, pitchstone and petrified wood. Silcrete was the most common stone tool 
type at the site, however, it is not readily available in coastal Otago, and the closest 
sources are in the Nenthorn Valley, which is ~40km from SRM. Chalcedony can be 
procured from the Moeraki Peninsula, which is easily accessible from the site. 
Interestingly, porcellanite from Katiki near the Moeraki Peninsula, was categorised as a 
chert, however, the authors of the 1996 research on the lithic assemblage note that this 
easily recognisable material did not prove popular, and accounts for less than 1% of the 
flake assemblage (Smith et al., 1996, p. 85). Obsidian, argillite and nephrite were 
definitely imported stone types. However, it is difficult to ascertain whether the other 
stone types were imported, as there are natural sources occurring close to SRM, however, 
no evidence of exploitation has yet been identified at these. Although, it was postulated 
by the authors that only around 10% of the lithic assemblage would have been sourced 
from over 50km away (ibid, p. 87). 
Flakes were the most numerous artefact type from the 1980s lithic assemblage. Again, 
silcrete is the most common stone flake type. Yet, despite the prevalence of this material, 
the mean flake size is only 22.7mm in length by 23.2mm in width. Chert and basalt flakes, 
while less common, are slightly larger, but are still small in size. These small flake sizes 
are surprising, especially for silcrete, as it is known that large blocks of material were 
extracted from quarries in Central Otago for the manufacture of blades (see Leach and 
Leach, 2019; Leach, 1990). However, based on the presence of cortex, the authors note 
that some silcrete was likely sourced from rivers, possibly close to the site. Blades were 
likely transported ready-made to the SRM site, as there is no strong evidence for any areas 
of blade manufacture. Retouch on both complete and broken blades indicates that they 
were reused and rejuvenated over time (Smith et al., 1996, p. 92). The small size of other 
stone tool types indicates that only small cores and flakes were removed by people from 
procurement sites. This suggests that any cost of transporting material for plain flake tools 
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(excluding obsidian) outweighed any benefits, especially when local stone, although 
inferior in quality, was available. Blades are an exception and it could be implied that 
there were benefits to producing and transporting complete blades from procurement to 
habitation sites. Further examination of procurement sites may help explain lithic 
assemblages from sites similar to the Shag River Mouth site.  
2.6 SUMMARY 
New Zealand was colonised by settlers from tropical East Polynesia during the latter half 
of the thirteenth century AD. In Murihiku, the southern area of the South Island, early 
Māori had large settlements along the eastern seaboard. These settlements were 
frequently at river mouths, which provided shelter, resources, and access into the harsh 
interior of New Zealand. Access into the interior provided colonists with subsistence and 
lithic resources, which were intrinsically linked. These forays into the centre of Murihiku 
were part of wider subsistence systems, of which the landscape learning process was 
connected. The lithic landscape in the interior was explored and exploited in conjunction 
with other elements of the wider subsistence system. The lithic landscape of Murihiku 
influenced settlement and the procurement sites themselves are reflective of the broader 











Lithic procurement, or quarrying, refers to the exploitation or extraction of raw material 
for stone tool manufacture. Procurement can arguably be the most important step in lithic 
production. The nature and results of raw material procurement activities directly 
influence the subsequent steps of the manufacturing process. Lithic procurement has long 
been a focus of archaeological research. Lithic procurement sites often span long periods 
of time, over which they are exploited by different people for different tool purposes 
(Beck et al., 2002, p. 482). This also means lithic procurement is an inherently difficult 
area of study. 
Lithic procurement and quarry sites remain a largely overlooked category of 
archaeological site type. This owes in part to the difficulty they present in researching and 
excavating. These sites often cover vast areas and contain thousands of artefacts. It is 
these facets that often render procurement, quarry and lithic workshop sites 
overwhelming and thus understudied (Singer and Ericson, 1977). Lithic production 
differs depending on procurement strategies utilised. Procurement is the acquisition and 
relationship with lithic resources in a landscape. Despite archaeological quarry or 
procurement sites being frequently overlooked (Ericson, 1984, p. 2; Odell, 2000, p. 270) 
they are the logical starting point for investigations into stone tool manufacture and use. 
Lithics were an integral component of prehistoric life, globally. Procurement and quarry 
sites, while often difficult to interpret, can provide information on numerous aspects of 
human life. These include colonisation, landscape use, subsistence strategies, mobility, 
procurement methods and socio-economic factors such as trade. Procurement site 
assemblages will vary depending on the activities performed there, the environment and 
post-depositional processes. Strategies related to procuring raw material, can however, be 
difficult to identify in the archaeological record.  
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In New Zealand, lithic procurement is linked with the wider resource procurement 
network. Lithic procurement is a fundamental aspect of landscape learning. Lithics are 
resources which are fixed in space. Although, cobbles of various lithic material can be 
found in New Zealand’s waterways, taphonomic processes often mean that water-rolled 
material is of inferior quality. The identification of lithic sources requires learning of, and 
familiarisation with, a landscape. These processes must be supported by subsistence 
methods, and settlement patterns will ultimately decide how a lithic landscape is used 
(Ford, 2012). The more familiar colonists become with a landscape should imply that, 
over time, they utilise the landscape to the optimum. Lithic usage should reflect increasing 
familiarity, and lithics should be utilised to their fullest potential. However, to understand 
this, we need to understand the context of the technological organisation in which a lithic 
is being utilised.  
The organisation of lithic technology is the selection and integration of strategies for 
manufacturing, transporting, utilising, and discarding tools (Kelly, 1991, p. 57). Studies 
of the organisation of lithic technology examine variables that influence the strategies. 
Strategies are dynamic, they are guided by human behaviour and they can be viewed as 
responses to environmental conditions. In the colonisation of a landscape, the choices 
made surrounding lithic procurement are part of the organisation of technology. Kelly 
(1991) notes that in the early phases of research into the organisation of technology, there 
were only two strategies recognised and these were: curation and expediency. However, 
she proposes the addition of a third: opportunistic behaviour.  
Binford’s concept of curation (1973) is the first technological strategy and it refers to the 
maximum utility of a tool and how much of that utility is realised before the tool is 
discarded (Shott, 1996, p. 267). Lithic technologies that are curated will comprise tools 
that are effective for a range of tasks (Binford, 1979; Bamforth, 1986). Expediency, the 
second technological strategy, refers to the minimised technological effort wherein the 
time and place of tool use are highly predictable (Nelson, 1991, p. 64). This strategy 
depends on stockpiling of material, or caching, in places where activities are anticipated. 
It also relies upon there being time to manufacture tools at a selected place, and this place 
must have a consistent occupation or be reusable (Torrence, 1983). However, Nelson 
(1991, p. 65) argues that not all technological behaviour is planned, and this is where her 
proposed third strategy comes into play. Not everything can be anticipated and often, 
technological organisation is merely a response to the unanticipated.  
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In an unfamiliar landscape that has recently been colonised, opportunistic behaviour will 
frequently overcome all other technological strategies as colonists face the unexpected 
and adapt to the landscape. This is particularly true of New Zealand which was vastly 
different to the Polynesian homeland. The procurement of porcellanite would have been 
opportunistic and represents situational resource exploitation.  
Raw material influences the organisation of lithic technology, including curation, and 
utility (Andrefsky, 1994). Raw material form determines how material would have been 
procured, prepared, transported and manufactured. In New Zealand, limited research has 
considered lithic procurement sites as part of the broader system. This chapter will 
provide context to lithic procurement in Polynesia and New Zealand before considering 
lithics and the organisation of early settlement in Murihiku. 
3.2 POLYNESIAN STONE TOOL TRADITIONS AND LITHIC PROCUREMENT 
Adzes are the most recognisable stone tool associated with Polynesia and form the axis 
of lithic studies in the region. The ready availability of fine-grained basalts and other 
igneous rocks provided settlers to Polynesia with ample means to produce tools using 
existing and new technologies. Raw material influences morphology and the geology of 
the region favoured ground-stone tool technology. The work of Helen Leach (Leach, 
1979; 1990; 1993; and Leach and Leach 1980) was instrumental in providing the 
foundation for studies of quarries and quarrying in Polynesia. Leach’s work focused on 
all stages of lithic manufacture, from technological differences relating to adze blank 
types, through to debitage analysis. Quarries, workshops and working floors were given 
due consideration and employed a scientific approach that was easily repeated in further 
research.  
Lithic procurement studies are generally functionalist, as noted by Freund (2013, p. 781). 
The largest adze quarry complex in Polynesia, is Mauna Kea, on the Big Island of Hawaii. 
European interest in the complex has persisted since the 19th century, but proper 
investigations and recognition are due to the work of Pat McCoy and colleagues 
beginning in the late 1970s (McCoy, 1977). McCoy’s investigations at Mauna Kea began 
with the premise of developing a technological model of adze production. This included 
core reduction techniques, manufacturing and how different activities were patterned 
around the site complex. As noted by Cleghorn (1984), studies of lithic manufacture in 
Polynesia have been notoriously focused on technology and manufacture, and little else. 
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McCoy bucked this trend and related findings to cultural factors or constraints, such as 
population pressures and social stratification. Frameworks of ritualization have been 
suggested (McCoy, 1999) to provide alternative interpretive contexts. This was rather 
unique in contrast to most studies of adze quarries in Polynesia. However, more 
traditional functionalist approaches to understanding Mauna Kea were also undertaken 
by Mark McCoy and others (McCoy et al., 2011; McCoy et al., 2015) with foci of the 
environment, chemical characterisations, and trade and exchange.  
Further afield in the Hawaiian archipelago, lithic procurement at the Nanakuli quarry on 
Oahu was subjected to a landscape archaeology approach. Weisler et al., (2013) 
geochemically characterised basalt from the site and noted how slope gradients, and soil 
composition influenced procurement methods. Similar procurement methods, targeting 
dislodged, tabular layers of basalt were noted by Cleghorn (1986) at Mauna Kea. 
Weisler’s earlier work on Lana’i Island, (1990) identified that outcrops and debris 
exposed by erosion were targeted for lithic procurement. In 2011, Weisler focused on the 
aptly named Kaluako’i ‘the adze pit’, on Moloka’i Island. The entire settlement area was 
approached with socio-cultural research questions. Intra-site variability, religion, 
chronology, and geology were all considered, and technology was not the primary 
concern of the study.  
In Samoa, Simon Best, Helen Leach and Dan Witter (1987; 1989) ‘rediscovered’ the large 
adze quarry of Tataga-Matau on the island of Tutuila, after Te Rangi Hiroa (Sir Peter 
Buck) was initially alerted to it in 1927 (Buck, 1930). Leach and Witter comprehensively 
surveyed the complex to identify how material was procured, as part of establishing 
manufacturing sequences. Lithic studies in Samoa have a history of focusing on material 
provenance with little attention to how material was procured (see Weisler, 1993; Best et 
al., 1992; Martinsson-Wallin, 2007). Similarities between quarries at Riverton in New 
Zealand and Tataga-Matau in Samoa were noted by Weisler (1990) when considering the 
spatio-temporal relationship of the Polynesian cultural complex.  
3.3 NEW ZEALAND STONE TOOL TRADITIONS AND LITHIC PROCUREMENT 
Studies of lithic procurement in New Zealand have largely been focused on adze 
manufacture (Leach and Leach, 1980; Jones, 1984; Turner, 2000; Jennings et al., 2018). 
In the North Island, the largest and most well-studied adze quarry is the Tahanga basalt 
quarry in the Coromandel region, which would have supplied large areas of the North 
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Island with basalt. South Island adze procurement sites are restricted, largely, to either 
the Nelson-Marlborough region or southern Murihiku on account of geological 
formations. Argillite and basalt were the main stone types targeted for adze manufacture. 
As with archaeological research throughout the globe, obsidian is well researched in New 
Zealand on account of successful trace element characterisations allowing for socio-
cultural inferences. All obsidian in New Zealand originates from 27 distinct source sites 
in the North Island. The lithic procurement landscape in New Zealand will be discussed 
in the following sections to provide an empirical context for porcellanite procurement.  
3.3.1 LITHIC PROCUREMENT IN NORTH ISLAND REGIONS 
The Tahanga basalt quarry is possibly the most well-studied lithic procurement source in 
New Zealand archaeology. The site is situated on Tahanga Hill at Opito Bay in the 
Coromandel and was a dominant source of basalt. Green (1963, p. 64) described Tahanga 
as providing material for the bulk of early North Island adze production. Tahanga 
artefacts are spread throughout some of the earliest archaeological sites in the North 
Island and even as far south as Canterbury (Best, 1977, p. 319). The site spreads 
discontinuously over a 60-hectare area, with specialist areas such as working floors and 
outcrops of differing qualities constituting a manufacturing complex. The material was 
extracted from the site through a variety of methods. Extraction pits occur where boulders 
may have been dug out, however, the large boulders strewn across the site invariably 
provided easy access to adze blanks. Outcrops show evidence of flaking, and blocks of 
basalt may have been struck off other outcrops (Leach, 1980, p. 387). At the working 
floors on site, rough adze preforms were the main tools produced. Adze preforms would 
have been transported to finishing centres where the adzes would have been completed, 
with these occurring up to 60km away from Tahanga. Investigations into the Tahanga 
complex began in 1962, with test pits at the quarry site and elsewhere on the hill. These 
identified adze blanks, flakes, cores and hammerstones across the site (Shaw, 1963). 
Since the initial investigations, research at Tahanga has focused on geochemical 
identification (Moore, 1976; Felgate et al., 2001), and adze form and function (Best, 1977; 
Leach, 1980). Turner produced both a MA (1992) and PhD (2000) on adze manufacture 
and technology at Tahanga. Turner notes that raw material influenced tool formation and 
that costs to locate quality basalt at the site may have been high. Irregular boulders and 
cobbles were found to produce more consistently homogeneous material but were 
difficult to locate. More easily locatable outcrop pieces, angular boulders and ideally 
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shaped tabular blocks were found to be consistently flawed (Turner, 2000, p. 42). Large 
quantities of rejected material scattered across the site’s working floors suggests that high 
quality basalt became scarce over time, and through material depression, targetters were 
forced to work with inferior material.  
Obsidian sources are restricted to areas of Late Miocene to Quaternary rhyolitic 
volcanism in the northern North Island (Moore, 2012, p. 17). There are 27 distinct 
obsidian sources in New Zealand. Not all of these were exploited or comprised material 
that was suitable for lithic production (McCoy et al., 2010, p. 175). The amount of 
obsidian that could have been obtained from natural outcrops of obsidian in pre-European 
New Zealand was presumably limited. Large sources of flake-quality obsidian such as at 
Tairua in the Coromandel and Maraetai, and Ongaroto in the Taupo Region were 
infrequently exploited (Moore, 2012, p. 18). At Mayor Island, off the east coast of the 
North Island, obsidian was procured opportunistically as from beach cobbles and 
pyroclastic detritus (Sheppard et al., 2011, p. 46). It is debated whether material was 
quarried at Mayor Island (see Sheppard, 2004). Although Mayor Island is considered the 
major coastal source of obsidian, sources along the Coromandel coast again provided 
easily procured obsidian. Coastal obsidian can generally be found as small weathered 
cobbles or pebbles. In the Taupo volcanic zone in the central North Island, obsidian flows 
and detrital deposits would have provided raw material sources, but no evidence of quarry 
has been identified (Sheppard et al., 2011, p. 47). Obsidian occurs mostly as colluvium 
or detritus scattered across dryland, rivers and shores. Ranging in size from pebbles to 
outcrops, obsidian was readily accessible in pre-European New Zealand. This is 
confirmed by the presence of cortex on obsidian artefacts, which suggests that much of 
the raw material was procured from unconsolidated deposits rather than being quarried 
from outcrops (Moore, 2012, p. 19).  
3.3.2 LITHIC PROCUREMENT IN THE NELSON-MARLBOROUGH REGION 
There are in excess of forty procurement sites in the Nelson-Marlborough region. These 
are associated with metasomatized argillite occurring in the Nelson mineral belt. This 
geological formation stretches 130km from d’Urville Island to the Red Hills area of 
Richmond National Park. Outcrops of argillite boulders occur discontinuously across the 
Nelson mineral belt and clusters can be kilometres apart. In this region, argillite also 
occurs as exploitable boulders and cobbles in waterways.  
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The largest adze quarries are located on d’Urville Island in the Nelson Sounds, where 
eight procurement sites have been identified. A reason for this could be that material here 
is more accessible and easily transportable than those on the mainland, with good 
transport links both north and south. Prickett (1989, p. 143) notes that adzes from the Mt 
Ears quarry on d’Urville have been found in Northland, as well as at Wairau Bar, meaning 
procurement sources here were exploited very early during initial settlement. The Mt Ears 
quarry is the largest on d’Urville. This site produces fine grained, black argillite. The 
material is sourced from numerous outcrops and there are flaking floors scattered around 
the site (ibid). The Ohana Bay quarries on the island produce argillite of distinctive green, 
grey and blue shades with black veining. This source was likely targeted for aesthetic 
reasons. At all of the quarries on d’Urville Island can be found large hammerstones of 
transported granodiorite from the Nelson boulder bank. Granodiorite is an igneous rock 
and therefore very tough. These qualities could be why adze producers felt the need to 
transport such hammerstones. Habitation sites here are also located close to the quarry 
sites and adzes seem to have been finished at settlement areas rather than at dedicated 
working areas.  
Quarries in the mainland area of the Nelson-Marlborough region number around 20. 
Many of these quarries are located at high altitudes, between 200-600mASL, requiring a 
high energy expenditure to procure material. Raw material does appear in waterways as 
cobbles and boulders, but inland sources provide higher quality material. Granodiorite 
hammerstones are again found at the remote mainland quarries, a testament to the value 
and quality of the material at these sites. Settlement was often unsuitable at many 
mainland argillite quarries, unlike on d’Urville Island. These sites were frequently visited, 
and adzes were both produced at or near quarry locations to make for practical 
transportation.  
Skinner (1914, p. 326) proposed that fire was used to aid quarrying in the northern South 
Island. This theory was based upon observed fracturing at the base of outcrops and 
sources at the Rushpool site, where there would otherwise be no space to wield a 
hammerstone. Skinner was of the opinion that fracturing was the result of fire heat-
treatment, followed by water-cooling. This method could have resulted in the 
fragmentation of the rock face and provided easy access to argillite pieces. At Rushpool, 
14km from Nelson, Skinner does however note the presence of numerous ‘granite’ 
(granodiorite) hammerstones (Skinner, 1914, p. 327). At the Hebberd’s Quarry above the 
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Whangamoa River, a trench was cut by prehistoric adze-makers to access good-quality 
argillite. Surface outcrops are often weathered and unsuited to working, evidenced 
partially by the presence of a large unexploited boulder perched above the trench. 
Numerous large hammerstones have been found at the site, with one >50kg. Duff (1946, 
pp. 120-1) argues that boulders would have been launched down onto the exposed argillite 
in the trench from the stationary boulder above the cutting. Witter (1985, p. 120) 
challenged Duff’s theory on quarrying methods. Witter observed that heavy battering and 
pitting occurred on many flakes at Hebberd’s Quarry. His explanation for this was 
repeated pounding from a large hammerstone. However, as the hammerstones found at 
this site are largely too massive for one person to manage, Witter proposed that two 
people would have worked in unison. Prolonged pounding at the argillite would have 
initiated fractures, rather than cause partial fractures and flawed adze blanks as Duff’s 
method would. If Witter’s method is considered in relation to the trench at Hebberd’s, 
then this area could be for two people to wield a hammerstone against the exposed face 
of argillite (Leach, 1990, p. 379). It should be noted however, that Witter failed to prove 
that his theory was any more credible than Duff’s when he attempted to replicate the 
desired results.  
Mainland quarries in the Nelson-Marlborough region fell into decline in the 15th century 
as settlement patterns changed (Leach, 1990). Subsistence patterns changed to focus on 
quality gardening soils. Changes in settlement patterns can be evidenced in the debitage 
at later quarry sites, which is considerably less than at early sites. This could suggest a 
change in trade and exchange networks, quarrying and procurement lessened to meet only 
immediate requirements. As less material was procured, there could also have been a 
decline in flaking skill. Witter (1985) found evidence of scavenging at the Matai Valley 
flaking floor. Earlier neglected preforms were picked over at a later date and reworking 
of them was attempted.  
3.3.3 LITHIC PROCUREMENT IN THE MURIHIKU REGION 
There were three main adze quarries in the Murihiku region. These were the Brighton 
basalt quarry near Dunedin, the Bluff harbour argillite and meta-basalt quarry and the 
Riverton argillite quarry. The Riverton argillite quarry has been well-studied (Leach and 
Leach, 1980; Jennings, 2009). The site is located at Colac Bay, near Riverton. Groube 
first excavated the site in 1964, but the sheer amount of material encountered led to 
difficulties and a report of this excavation was never published. Raw material from tabular 
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argillite outcrops was pried off and local water-rolled cobbles used as hammerstones; raw 
material influences production and morphology.  Extracted material was manufactured 
into finished adzes at the site. There are four argillite sources in the area surrounding the 
Bluff Harbour. The argillite source at Tiwai Point is a fine-grained black argillite, 
however, the material contains numerous fractures and is only suited for flake production. 
At Mokomoko Inlet, just north of the harbour is a source of grey argillite, which occurs 
primarily as cobbles, restraining the size of adzes that can be produced. At the Colyer’s 
Island site in the Bluff Harbour, argillite occurs as outcrops, cobbles and ventifacts 
(Jennings, 2009, p. 16). Again, tabular pieces of material were prised off outcrops 
(Jennings et al., 2018, p. 122) and boulders were targeted for material as evidence by 
flake scarring and debitage. The final argillite quarry in Bluff Harbour is on Tikore Island 
(Leach, 1990). There is little information on how raw material was procured, but it was 
processed both at the site of extraction and throughout the wider harbour. The Brighton 
basalt quarry was first reported by Haast in 1879, who noted thick deposits of adze 
debitage. He asserted that boulders on the beach were the main sources of material 
procurement, but also the nearby basaltic cones. Anderson (1982, p. 48) confirms that 
many of the artefacts from the site show beach or stream-rolled surfaces, despite there 
being few remaining sources of basalt at the site today. In fact, Leach (1990, p. 374) 
debates if the site was a procurement site at all. Other sources of basalt are evident along 
the east coast of Murihiku, but little evidence of exploitation can be found, likely to post-
depositional environmental factors. It not known how the material was extracted at the 
site. Haast was the only one to note the presence of mica schist hammerstones, and 
speculate that the large, flat boulders of basalt on the beach may have been used as anvils 
(Haast, 1879, p. 182). 
3.4 THE SOUTHERN BLADE INDUSTRY 
In Murihiku, flaked stone tools were manufactured from siliceous rocks, mainly silcrete 
and porcellanite. Both these rocks have a distribution restricted to the southern South 
Island (Anderson, 1989, p. 160). A phenomenon, dubbed ‘The Southern Blade Industry’, 
by Anderson (1989, p. 163) utilised siliceous rocks for the production of prismatic blades. 
No stone types utilised for blade manufacture in Murihiku have been successfully 
geochemically characterised. There is a wide range of variations between colour and other 
qualities in both silcrete and porcellanite (Anderson, 1989, p. 160). There are fewer 
sources of porcellanite in New Zealand, and the material is more brittle than silcrete, 
 
28 
resulting in there being less porcellanite blades produced than silcrete (Anderson, 1989, 
p. 163). This also raises the question of why blades in the southern South Island were 
only manufactured from silcrete and porcellanite and not other suitable materials such as 
chert or obsidian, which have been flaked into blades in other areas of the world. Chert 
frequently occurs as small cobbles and nodules in waterways (Moore, 1977, p. 73), and 
this raw material form may not have been suited to blade manufacture. Obsidian was used 
in the butchering of moa in the North Island (Anderson, 1989, p. 170), but very rarely as 
blades. Obsidian flakes were used in the butchering of moa, but these flaked tools were 
not similar to the blades that characterise the southern blade industry. Porcellanite and 
silcrete blades were struck from prepared cores. It is possible that the absence of blades 
throughout the rest of New Zealand represents a South Island speciality. This speciality 
may have arisen as a solution to hunting moa and in response to the absence of obsidian 
in the South Island. Skinner (1924, p. 18) suggests that the absence of blades represents 
a lack of historical connections with the Western Pacific where blade industries were 
common. In the South Island, the moa species present were larger in size and quantity, 
another possible reason why blades were mainly produced here. There have also been 
suggestions (Anderson, 1989, p. 170) that the technology of blade manufacture was held 
only by the inhabitants of the South Island. This technology may have arrived with the 
first Polynesians to settle the South Island and may not have been shared with their North 
Island counterparts. 
3.4.1 HISTORY OF RESEARCH INTO THE SOUTHERN BLADE INDUSTRY 
Flaked stone tools have been artefacts of archaeological interest since Dr Julius von Haast 
had his curiosity piqued in the 1860s (see Haast 1871). Haast began professional research 
into moas and those who hunted them; moa hunters. Siliceous artefacts and rock types 
have been given myriad of names by archaeologists and often, these names are geological 
misnomers. Flint, quartzite, metaquartzite, quartzose, metaquartzose, jasper, jasperoid, 
mudstone, chert, porcelanite and porcellanite – all terms used, likely interchangeably, to 
describe what archaeologists now name silcrete, porcellanite, chert and chalcedony. Jack 
Golson noted in 1957 (p. 285) that quartz-rich rocks are often labelled quartzite but are 
not true quartzites. Interestingly, porcellanite was the term favoured by Haast (1871, p. 
12). However, the term fell out of use in the 20th century and gained various monikers 
(Golson, 1957, p. 285).  
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Dr Julius Von Haast, often cited as the father of New Zealand archaeology, conducted, 
and supervised many archaeological excavations in New Zealand. In 1869, he excavated 
at the Rakaia River Mouth, where he found numerous flint implements (see Haast 1871). 
At the Rakaia River Mouth, a large open site, Haast found extensive amounts of flake 
tools in association with moa remains and ovens. Referred to as rude knives or flakes, 
they were manufactured, according to Haast, by striking a single blow to a large boulder. 
Their dimensions vary, but the knives range from three-six inches long, with widths from 
two-four inches – dimensions meeting the morphological definition of a blade. Haast 
notes that porcellanite implements were rarer and smaller than flint implements (Ibid., p. 
12). In 1874, Haast visited Shag Point and the Shag River Mouth in Otago, after reports 
of considerable amounts of moa bones being found (Haast, 1874, pp. 91-94). As at Rakaia 
River Mouth, Haast found huge amounts of flint artefacts from midden and oven contexts.  
As noted in the previous chapter, The Shag River Mouth site would prove to be a magnet 
for archaeologists until the present day. In 1924, H.D. Skinner and his assistant, David 
Teviotdale, both published reports in the Journal of the Polynesian Society on their recent 
excavations at the site (Teviotdale, 1924; Skinner, 1924). Interestingly, in this same issue 
of the journal, F.V. Knapp published an attempt at classification of flake stone tools 
(Knapp, 1924) and tried to link New Zealand lithic technology with that from Western 
Europe. There is also is no exact provenance to Knapp’s assemblage, other than the 
artefacts were collected by him from throughout the Tasman Region. Skinner and 
Teviotdale went on to provide a 12-point classification system based on the range of 
artefacts uncovered during their excavations (Skinner and Teviotdale, 1927). Blades 
(called knives in their publications) and flakes were the most common artefact types. 
Interestingly, as far back as 1927, Skinner and Teviotdale lament the lack of attention 
given to the quartzite implements so commonly found in Otago sites, a point again made 
by Roger Duff in 1956 (pp. 194-196). Skinner and Teviotdale use the term chert to 
describe porcellanite in this publication. The porcellanite artefacts recovered by Skinner 
and Teviotdale from this site are greenish in colour, noted as being identical to outcrops 
at Moeraki (Katiki). McCully (1941, 1947) attempted to describe flake manufacture using 
artefacts collected from throughout the South Island and draws a parallel between the 
form of some flakes and their resemblances to human profiles. The work of Shawcross 
(1964) is a much more robust review and classification of flake stone tools in New 
Zealand and makes no attempt to find depictions of the human face in flakes. Shawcross 
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reviews flake technology and describes assemblages excavated from the North Island 
sites of Kauri Swamp and Whangamata, and contrasts these with material from the 
Waitaki River Mouth in northern Murihiku. A marked differentiation is found by 
Shawcross between the North and South Island. He notes a wider variety of technological 
differences at the Waitaki River Mouth, including the range of flakes and the appearance 
of blade technology, which is absent from the North Island. Spurred on by Shawcross’ 
findings, the following year, Hardwicke Knight published a description of flake knives 
from six Otago archaeological sites (1965). Knight comments that the variation of flake 
technology in Murihiku stems from economic, not cultural, variability.  
3.4.2 BLADE TECHNOLOGY 
The bulk of our knowledge on New Zealand blade technology comes from the pioneering 
work of B.F and H.M Leach which began with excavations at the Oturehua in Central 
Otago. Oturehua was a silcrete quarry and working area which was excavated in the late 
1960s (Leach and Leach, 2019). From these excavations, ~6,300 pieces of silcrete were 
collected and selected for reconstructive analysis. Re-fitting these pieces led to being able 
to recreate how blades were produced. The reduction sequence, seen in Figure 3-1, was 
as follows: quarrying, quartering, optional transportation to the workshop, decortication, 




FIGURE 3-1. BLADE REDUCTION SEQUENCE, ADAPTED FROM LEACH, 1984, P. 110. 
Once blades are produced, they can immediately be used. Unmodified, unretouched 
blades display signs of use, as evidenced from the Shag River Mouth assemblage (see 
Figure 3-2). Retouching occurs to rejuvenate blades, and to repurpose broken blades (see  
Figure 3-3). Smith et al., (1996, p. 92) found that retouching occurs primarily on broken 




FIGURE 3-2. COMPLETE SILCRETE BLADES WITH NO RETOUCH FROM SMITH ET AL., 1996, P. 89. 
 
FIGURE 3-3. SILCRETE BLADES AND BLADE PORTIONS WITH UNILATERAL-BIFACIAL RETOUCH FROM 
SMITH ET AL., 1996, P. 92. 
From the irregularity of the profile of blades, it is suggested they were struck from cores 
by a singular blow. Only one greywacke hammerstone was found at Oturehua, although 
greywacke flakes were found. Four other hammerstones made from repurposed silcrete 
were found at Oturehua (Leach and Leach, 2019, p. 244. This suggests that hammerstones 
were part of a personal toolkit which was removed from site with the manufacturers.  
3.5 STUDIES INVOLVING PORCELLANITE IN NEW ZEALAND 
Porcellanite has never generated the interest that quartzite (silcrete) has, as it was less 
frequently utilised. Porcellanite is often quite brittle and riddled with faults, making it 
difficult to flake (Smith et al., 1996, p. 77). Dr Julius von Haast, recognised the 
association between porcellanite and moa remains (1871, p. 12). However, by the mid-
20th Century, there were multiple names for porcellanite (Golson, 1957, p. 285). The 
confusing nomenclature makes identifying early research difficult, as does the lack of 
geological information concerning porcellanite. Research into the archaeology of 
porcellanite can be divided into pre-1950s and post-1970s inquiries. Von Haast provided 
an impetus for a flurry of research from the 1870s onwards, which led into the pioneering 
work of Skinner and Teviotdale in the 1920s. The work of the Leach’s from the 1960s 
renewed interest in the flaked stone tools of Murihiku. Anderson took this research further 




FIGURE 3-4. ANDERSON'S (1990, P. 161) MAP SHOWING THE LOCATION OF ASSEMBLAGES WITH 
PORCELLANITE AND SILCRETE, AND QUARRY LOCATIONS. 
Early research recognised that flaked stone tools of siliceous rock were largely restricted 
to the earliest stratigraphy of Murihiku archaeological sites (von Haast, 1874). Skinner 
and Teviotdale (1927, p. 180) state that blades would have been one of the most valuable 
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implements in a toolkit as they could be used for a variety of tasks. The greenish-blue 
“chert” at Moeraki (Katiki) was recognised as a source of raw material by Skinner and 
Teviotdale, with artefacts from the Shag River Mouth site being produced from this 
material. Teviotdale (1938, p. 32) notes that inland moa-hunting sites contained mostly 
red or purple “chert”, unlike coastal sites which contained more quartzite (silcrete) 
instead. As has been emphasised, silcrete was favoured over porcellanite to produce 
blades.  
There are, however, sites where porcellanite is the dominant lithic material. The 
Hawksburn (G42/13) site in Central Otago is one such site (Anderson, 1989, p. 48). First 
excavated in 1954 by Les Lockerbie, the remote site is difficult to access. Hamel (1978) 
theorised the site was on a route used by Māori travelling between the east and west coasts 
of the South Island. Anderson’s excavations in the late 1970s note that there was an 
average density of 153 flakes per m2 across the moa-hunting site (Anderson, 1989, p. 
162). Hawksburn site is an important site as it is extremely large, yet remote and in 
comparison, the majority of moa-hunting sites with large quantities of blades are coastal. 
Flaked porcellanite material is present at Hawksburn in the initial stages of manufacture, 
despite not being located near any known procurement sites. There is a lack of cores, 
however, which suggests blank flakes were produced at procurement locations prior to 
transport. Another site which has a dominating porcellanite assemblage is the Coal Creek 
site (G43/51) in Central Otago. This site, however, is less than 400 m from the nearest 
porcellanite procurement site (G43/30). Excavations at the site in the 1980s demonstrated 
the strong relationship between moa remains and porcellanite artefacts (Anderson and 
Ritchie, 1984, p. 180).  
Material from Anderson’s excavations in the 1980s was utilised by his students for lithic 
analyses. Carty’s (BA(Hons) dissertation (1981) analysed material from the Hawksburn 
site, including a use-wear analysis. A more detailed, functional analysis of the porcellanite 
material was the focus of a research essay by Bain (1979). For his PhD research, 
Kooyman (1985) examined porcellanite and other lithic material from Coal Creek, 
Hawsburn, Minzion Burn and Owen’s Ferry and conducted use-wear analyses. 
Archaeological studies of lithic use-wear were initiated in the 1960s by Semenov (1964) 
who observed traces of manufacture and wear on stone tools. Kooyman found that 
porcellanite dissolved entirely when immersed in a sodium hydroxide (NaHO) solution. 
When immersed in this solution, all use-wear on porcellanite artefacts slowly disappeared 
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and after a short-period of time, the porcellanite itself dissolved into a soft mass. In an 
archaeological context, these results would indicate porcellanite artefacts in a soil with a 
pH of 7 and above would display little to no use-wear and may disappear from the 
archaeological record completely.  
3.6 GEOCHEMICAL ANALYSIS 
Geoarchaeological analysis of stone has been practised since the mid-20th century. These 
analyses are ever increasing in volume as technology advances. Trace elements occur 
naturally in minerals in sediments and soils. They are present in minute proportions but 
can be characteristic of the original source of the material. Volcanic and metamorphic 
rocks are able to be analysed because they contain characteristic oxides and elements. No 
chemical characterisation of porcellanite lithics has been attempted in New Zealand. In 
Ireland, another metamorphic rock, also called porcellanite, has been successfully 
analysed using XRF (see (Meighan et al., 1993; Mandal et al., 1997, p. 759; and Curran 
et al., 2001). However, Irish porcellanite is formed through thermal metamorphism of 
clay derived from weathered basalt layers, while in contact with dolerite (Jope et al., 1952, 
p. 31; Mandal et al., 1997). New Zealand porcellanite undergoes a similar transformation 
process, through the thermal metamorphosing of argillaceous sediments caused by the 
spontaneous combustion of coal and lignite seams (Campbell et al., 2003, p. 11). As such, 
any geochemical analysis of porcellanite in New Zealand will be experimental.  
3.7 SUMMARY 
Significant studies have been undertaken in Polynesia focusing on lithic technology, 
source characterisation and resource use. Aside from sites of major quarries and quarrying 
complexes, few studies have focused on lithic procurement. Raw material directly 
influences all stages of lithic manufacture. Procurement sites are difficult to interpret but 
can provide information on socio-cultural systems by identifying whether lithics were 
manufactured at the procurement sites or elsewhere. The level of tool manufacture can 
indicate levels of human mobility and settlement patterns. Informal tools are indicative 
of sedentary populations, whilst formalised tools indicate a mobile population. A link in 
a chain, lithic procurement is usually undertaken in conjunction with other subsistence 
activities. Raw material for adze manufacture was quarried and usually reduced at site, 
before being transported to working areas as there are usually little indicators of 
settlements at the procurement sites. However, larger, more intensively targeted sites, 
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such as Tahanga and Oturehua, display evidence of material being finished to artefactual 
stages at the location of procurement. Studies involving porcellanite in New Zealand are 
rare and usually form secondary aspects of other lithic research. In-depth research of the 
material has focused largely on technology, including use-wear analysis. This thesis will 
survey porcellanite procurement sites and identify levels of lithic manufacture at these 








This chapter presents the results of field work conducted by the author, the methods of 
which are detailed below in the next heading. The sites investigated for this thesis were 
visited in 2018-2019. In this chapter, each site will be individually presented in the same 
format, allowing for detailed comparisons. The presentations of each individual site will 
be divided into sub-sections. These sub-sections are described below, with descriptions 
provided as to the rationale behind each.  
The intention of this chapter is to present the results of the field work conducted for this 
thesis. This will provide a background to porcellanite, provide updated information for 
recorded and unrecorded archaeological sites and ultimately will allow for the discussion 
of this thesis’ research questions in a later chapter. The sites investigated for the purposes 
of this thesis were physically surveyed in 2018 and 2019. The results of these surveys 
will be presented below, site by site with detailed descriptions of each. 
4.2 METHODS 
Prior to the commencement of field survey, background research was undertaken to 
identify methods by which to investigate porcellanite procurement sites. Atholl 
Anderson’s 1989 book, Prodigious Birds: Moas and Moa-Hunting in New Zealand, was 
the first source utilised in identifying the locations of porcellanite procurement sites. 
Anderson produced a map (see Figure 3-4 in the previous chapter) in which he detailed 
the location of sedimentary rock series in Murihiku, as well as the locations of silcrete 
and porcellanite quarries. However, not all of Anderson’s quarries are recorded 
archaeological sites and this presented problems for relocation. According to Anderson’s 
map, there are 13 sources of porcellanite in Murihiku. Those listed with site numbers 
were flagged for further investigation using the New Zealand Archaeological 
Association’s (NZAA) online site recording scheme, ArchSite 
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(https://archsite.eaglegis.co.nz/NZAA/). ArchSite contains information on recorded 
archaeological sites in New Zealand and includes Site Record Forms (SRFs), which often 
provide original site survey information. Information on Anderson’s sites was collected 
from ArchSite, which was also the next step for the identification of possible porcellanite 
procurement sites. ArchSite data is downloadable and is available as either a spreadsheet 
or a shapefile; the shapefile allows for a spatial analysis as well as information querying. 
The dataset was downloaded and inputted into the program QGIS to query and identify 
recorded porcellanite procurement sites. The list of categories (variables) that can be 
queried in the ArchSite dataset included:  
• NZAA Identification Number.  
• Site Name.  
• Site Period (indigenous pre-1769, contact period, colonial period, modern, blank 
or a combination of all).  
• Site Type.  
• Site Description.  
• Site Features.  
• District and Region.  
There is also a variable that classifies sites as either ‘Māori’, ‘Non-Māori’ or 
‘Combination’. The ‘Site Description’ variable is a free text field which contains 
descriptions of the site and its contents. However, this text field is not consistent and often 
site descriptions can merely be ‘quarry’. It was decided to use the ‘Site Type’ variable, 
which has numerous fields, to locate sites of interest. The ones of interest to locating 
porcellanite sites were, ‘Source Site’, ‘Working Area’ and ‘Industrial’. A filter was used 
to restrict the scope of interest to Otago and Southland. By investigating each source site, 
working area and industrial site in Murihiku, nine sites were located. A further site was 
brought to attention courtesy of Dr Tim Thomas via Jill Hamel, who had information of 
an unrecorded site. Background information was gathered on these sites and then they 
were surveyed. 
Field work was undertaken for multiple reasons, but before any work started, landowner 
permission was granted where applicable. The purpose of field work was to identify how 
porcellanite occurred and was procured; to survey the sites; to collect raw material for 
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later analysis; and to update ArchSite records with new information. Raw material that 
was culturally unmodified was to be collected and GPS points taken for each sample.  
4.3 SITE INTRODUCTION 
For this chapter, each site will be presented individually. The introduction of each site 
will include a description of its location, both in a broad sense and in a more focused local 
landscape setting. If there is information on how the site was discovered and subsequently 
recorded, then this will be detailed. There may be some discrepancies in the information 
from when the site was first visited to when it was surveyed for this thesis. If there are, 
then it is useful to note these and speculate as to why they exist. Discrepancies could owe 
to initial poor recording, a loss of information over time or they could be due to landscape 
and environmental changes.  
4.4 ENVIRONMENTAL SETTING 
The environmental setting includes descriptive information that characterises various 
aspects of the existing environment within an area or site. An environmental setting will 
be provided for each site investigated as it is important to detail the landscape the sites 
are located in. Generally, an environmental setting describes the topography, vegetation, 
and climate of an area of interest. Environmental factors can impact lithic raw material 
over time, as well as influence how people may have interacted with or accessed the 
material in the past. This section will describe the terrain of each site, what vegetation is 
a dominant factor at the site and what the prevailing annual climate is like. Detailing 
environmental information is important as taphonomic processes affect the preservation 
of archaeological evidence. This is particularly important as porcellanite weathers easily 
and it has been shown that porcellanite can dissolve into mud if exposed to alkaline soil 
(Kooyman 1985, p. 139) or alkaline water. Sites in areas of high rainfall would be 
expected to contain more weathered porcellanite and thus, environmental information like 
this is detailed for each site.  
4.5 GEOLOGICAL SETTING 
To develop and present the geological context, a geological setting section will be 
described for each site. The geological setting directly pertains to the location and 
formation of porcellanite. This will aid in discovering if there is potential for predictive 
methods as to where porcellanite may have formed in the landscape. Previous chapters 
have detailed how porcellanite forms, but this is process still understudied in New 
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Zealand, because the material is generally not of interest to geologists due to the 
infrequency and irregularity of material (see Campbell et al., 2003). However, by looking 
at these procurement sites in relation to the wider geological landscape, we can begin to 
look at formation processes. This can also lead into broader archaeological concepts, such 
as mobility. Differing geological units would have impacted flora and fauna, and 
therefore, subsistence in New Zealand. This then, would have impacted human (and 
faunal) mobility. Using ArcGIS and a 1:250K basemap from GNS Science, each site’s 
geological context will be presented on a map and then the immediate geological units in 
the area will be discussed. It is important to note that these geological maps are on a 
broadscale and not each boundary is discrete.  
4.6 SITE DESCRIPTION 
The most basic information describing the sites is included on the SRF’s, however this 
information is, for the most part, highly outdated. The aim of these sections is to provide 
detailed information regarding the sites, including their extent and any notable features. 
While the environmental and geological settings provided context for the landscape, this 
section will provide context for the site as an archaeological area.  
4.7 RAW MATERIAL 
Raw material plays an integral part in lithic artefact form and assemblage variation along 
with cultural determinants. Thus, when visiting the sites, identifying and surveying the 
raw material present is paramount. This section of each site report will describe and 
recount features of the raw material. Descriptions will include how the raw material 
occurs in the landscape; jointing; block size; weathering; and colour. Unmodified raw 
material was collected at each site and were used for further laboratory analysis. 
Additionally, the collected lithic samples were used to investigate weathering, and colour 
identification, as discussed later in this chapter. Weathering will be detailed on both field 
observations and inspection of collected material. Lithic cortex is the raw outer surface 
of a rock. Cortex can provide information upon colouration as weathering processes may 
have altered exterior colour. Colour identification will be determined using the Munsell 
colour system, which is a standard for colour specification. Jointing and block size are 
more geological descriptors, but these do impact lithic manufacture. Jointing relates to 
cracks in the rock where no displacement has occurred. Often, in mudstone formations, 
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like porcellanite, there is a parent rock which is more flexible than other rocks in the 
formation, which causes fractures.  
4.8 ON-SITE PRODUCTION 
Whether material procured on site underwent manufacture there or elsewhere is an 
important consideration when analysing lithic production systems. The relationship 
between procurement and production is dynamic. Functional and economic factors may 
influence whether lithic production occurs at the site of procurement or elsewhere. 
Binford (1979) postulated that lithic production and transport were inherently linked to 
factors such as population size, resource availability, subsistence strategies, mobility and 
material availability, quality and distance. If there is intensive lithic manufacture at a 
procurement site, this may indicate that the procurement site was visited for the explicit 
purpose of tool manufacture. Whereas, if the site showed exploitation, but little intensive 
production, then it could be theorised that the site was visited as part of a wider 
subsistence arrangement. Thus, this section of the thesis will detail, for each site, the 
organisation of lithic production.  
4.9 THE SITES 
The sites surveyed are shown in Table 1 and Figure 4-1. 
TABLE 1. ARCHAEOLOGICAL SITES INVESTIGATED. 
NZAA Metric Site Number Site Name and Location 
F46/25 Craig Road, Mataura. Gore District, Southland. 
F45/3 Gowan Brae. Gore District, Southland. 
H40/2 Little Bremner Creek. Central Otago District, 
Otago. 
G43/4 Benger, Central Otago District, Otago. 
G43/30 Coal Creek. Central Otago District, Otago. 
G42/428 Crawford Hills. Central Otago District, Otago. 
J42/66 Katiki East. Waitaki District, Otago. * 
J42/17 Katiki West. Waitaki District, Otago. * 
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J42/43 Katiki Point. Waitaki District, Otago. * 
* Note, the three sites in the Waitaki District, near Moeraki, were investigated as an entire 
site, rather than three separate sites.  
 
FIGURE 4-1. MAP SHOWING THE LOCATIONS OF KNOWN PORCELLANITE PROCUREMENT SITES. 
4.9.1 CRAIG ROAD, MATAURA 
4.9.1.1 INTRODUCTION  
A porcellanite procurement site is located on a property situated in a relatively flat, 
agrarian landscape just south of Mataura, in Southland. The site is on Craig Road, just 
south of Mataura. The site can be reached via State Highway 1, which Craig Road adjoins 
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(see Figure 4-2). The site is on farmland to the north of the road and is adjacent to a row 
of trees. The SRF for the site was received in 1988, after having been visited by Graeme 
Mason of the Anthropology Department at the University of Otago some 15 years 
previous. The site was not visited again until 2006 when the Site Upgrade Project was 
being undertaken nationwide. Photographs uploaded onto ArchSite were taken during this 
site visit. This site was visited and surveyed for the purposes of this thesis on the 13th of 
November 2018. 
 
FIGURE 4-2. MAP OF THE CRAIG ROAD PORCELLANITE SITE, F46/25. 
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4.9.1.2 ENVIRONMENTAL SETTING  
Mataura is a town in the Southland region of New Zealand’s South Island. The town itself 
straddles State Highway 1 and is 53km north of Invercargill and 13km southwest of Gore. 
The Mataura River, which has the region’s second largest catchment, runs adjacent to the 
town. Mataura and the porcellanite site at Craig Road are part of the broader landscape 
of the Waimea Plains. The Waimea Plains of the Mataura River and the Waimea River, 
it’s tributary, stretch inland from the coast to Gore and extend to the Awarua Plain which 
is a stretch of marshland from the Catlins to Bluff (Rissmann, 2011). Comprising of vast, 
relatively flat swathes of arable land with soils rich in nitrate, the Waimea Plains are prime 
agrarian landscapes (Rissmann, 2011, pp. 26-30). The average temperature in Mataura is 
10.1 °C. In a year, the average rainfall is 1055mm.  
4.9.1.3 GEOLOGICAL SETTING 
The near surface geology of the area between Grove Bush and Upper Charlton in 
Southland is comprised of organic-rich Tertiary sediments, characteristic of the East 
Southland Group. The Gore Lignite Measure (GLM) extends through this area and coal, 
and lignite are the main sub-rock types (Turnbull and Allibone, 2003). The Craig Road 
archaeological site has been exposed in animal tracks which run alongside a poplar 
(Populus sp.) hedgerow which extends north from Craig Road for ~200m. It is on the 
southern slope of a small gully. The current modern road follows the upper terrace of this 
gully which may have once been a watercourse that has since been drained for agricultural 
purposes. By overlaying the site onto a geological map (see Figure 4-3 below), we can 
see that the site is in the GLM (labelled as Meg) on the geological map. Persistent lignite 
seams, sandstone, siltstone, conglomerate, and carbonaceous mudstone are present in this 
area. However, the site is situated close to the mQa unit to the west, which is constituted 
of gravel, sand and silt in terrace remnants. The terrace is the Kamahi Formation (or 
Kamahi Terrace) which is underlain by greywacke-quartz sandy gravels (Rissmann, 
2011, p. 23). Further to the east of the site is the outwash of weathered gravels and sand 





FIGURE 4-3. GEOLOGICAL MAP OF THE CRAIG ROAD, MATAURA, PORCELLANITE SITE. 
4.9.1.4 SITE DESCRIPTION 
Graeme Mason collected porcellanite samples from the area, especially from Craig Road. 
However, Mason’s more detailed records have since been lost and the exact provenance 
of these samples cannot be confirmed. The SRF notes that the site was ploughed over 30 
years ago, resulting in damage. Likely, it has since been ploughed over many times since 
then. It is possible that Mason collected samples before the site was ploughed, which may 
explain the discrepancies between Mason’s account of the site and subsequent site visits. 
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The site was visited in 2006 as part of the Site Upgrade Project and photographs were 
uploaded as part of that site visit. 
 
FIGURE 4-4. 2006 PHOTOGRAPH OF THE CRAIG ROAD SITE, F46/25. 
 
FIGURE 4-5. 2006 PHOTOGRAPH OF PORCELLANITE AT THE CRAIG ROAD SITE, F46/25. 
The original SRF from Mason’s visit states that there were small outcrops of porcellanite 
in a hollow at the site, and flaked material was scattered around the landscape. However, 
the 2006 visit does not mention any outcrops or worked flakes, but only the presence of 
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possible cores. This implies that any in-situ outcrops of porcellanite no longer exist. The 
photographs ( Figure 4-4 and Figure 4-5) uploaded do not depict concentrated material, 
either raw or modified. The 2006 records note that the scatter of porcellanite materials 
extends ~50-70 metres along the fence line, but the pictures uploaded do not suggest any 
depth or concentration to the scatter. The site was visited in November 2018, but due to 
intensive fencing and stock occupation the site could not be properly inspected. From the 
fenceline, no outcrops or lithic material could be identified. Dairy cattle were being kept 
in the paddock at the time of the visit and trampling has been identified as both disturbing 
artefact distribution and altering artefact remains (Nielsen, 1991). Taphonomic process 
related to agriculture, such as trampling could be, at least in part, responsible for the 
discrepancies noted between when the site was first visited by Mason and the two 
subsequent site visits in the 21st century.  
4.9.1.5 RAW MATERIAL 
As the site could not be properly accessed during the 2018 visit, the 2006 descriptions 
pertaining to raw material provide the best information. There are also raw material 
samples in the University of Otago Archaeology Laboratory that were collected by 
Graeme Mason during his many field trips. As noted in the records of collected geological 
specimens, Mason collected samples from Craig Road, Mataura (sample numbers 




FIGURE 4-6. PORCELLANITE COLLECTED BY MASON FROM MATAURA. 
These were identified in storage and the material was a highly fractured collection of 
black, grey and red porcellanite. Visually, the material was similar to the highly 
weathered samples collected from Gowan Brae, in nearby Gore (see Table 2 in Chapter 
5). It is unlikely that this material would have been suited to tool manufacture. There are 
fractures and points of weakness throughout the material that would have rendered 
unsuitable for the production of blades or sizeable flakes. However, it is not known 
specifically where Mason collected his Craig Road samples from, as his personal records 
have since been lost. If the material was merely surface collected, or from an 
unconsolidated outcrop, then it could be possible that subsurface material of a higher 
quality is present. 
4.9.1.6 ON-SITE PRODUCTION 
In the University of Otago Archaeological Laboratory there is a record of geological 
specimens that have been collected and retained for research purposes. This record states 
Graeme Mason collected numerous samples from Craig Road, Mataura, and the 
surrounding vicinity in the early 1970s. Mason provided very little site information for 
the records, but he did provide grid references for the locations where samples were 
collected. Mason visited the site in the 1970s, but a SRF was not submitted until 1988. 
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This SRF states there were small outcrops of porcellanite and small flakes scattered 
throughout the site.  In the 2006 update, there is no mention of any outcrops. It is possible 
they were either destroyed or were obscured by vegetation. Small outcrops and small 
scatters of flakes are not indicative of intensive on-site production. The 2006 update states 
that there were no worked flakes, but possible cores. This is contradictory to Mason’s 
description of the site. One interpretation, using the evidence provided by Mason’s 
descriptions of scatters of worked flakes, would imply that material was being struck off 
the small outcrops and tools were being manufactured on-site. However, the opposing 
interpretation, using the 2006 description, would imply that very little manufacture had 
taken place, as there are cores but no flakes. A lack of flakes suggests that either the 
manufacturers struck the flakes and removed them from the site, or that the raw material 
was deemed unsuitable and cores were left at the site.  
4.9.2 GOWAN BRAE 
4.9.2.1 INTRODUCTION 
Gowan Brae is a property north-east of Gore at Otikerama, in Southland. The property 
was presumably named by owners of Scottish descent and can be transliterated to ‘white 
or yellow flowers’ (gowan) and ‘slope’ (brae); essentially a slope covered in flowers. The 
site is located the eastern side of a knoll, surrounded on the southern slopes by thick gorse 
(see Figure 4-7). On the western side of the knoll, a seam of highly weathered porcellanite 
is slowly eroding. The surrounded farmland is generally flat and undulating, with the 
knoll where the site is located being one of the higher points of the immediate area. The 
site was first reported by P.S. Croad in August of 1976 and was surveyed for this research 




FIGURE 4-7. MAP OF THE GOWAN BRAE PORCELLANITE SITE, F45/3. 
4.9.2.2 ENVIRONMENTAL SETTING 
Situated in the lush land surrounding the Mataura River, the Gowan Brae porcellanite site 
occupies a small, but prominent hill. The surrounding landscape is not mountainous, with 
hill elevations not exceeding 150m ASL. Pre-European vegetation of tussock, bush, and 
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wetland has been gradually displaced by farming and irrigation. The site is easiest to 
access via Mason Road, west of where it intersects with McDonald Road. The site can be 
easily located by following the gully north of 173 Mason Road, until the gorse-ringed 
hillock is reached, at which point it is easiest to navigate around the western ridge. 
Evidence of watercourses can be seen in aerial views of the landscape surrounding the 
site, which may have aided transportation of procured porcellanite.  
4.9.2.3 GEOLOGICAL SETTING 
A mantle of loess covers north-eastern Southland around the floodplains of the Mataura 
River. Sediment on these plains is derived from the schist and greywacke, which largely 
comprises the tuffaceous bedrock mantle of the region (McIntosh et al., 1990, p. 98). The 
major geomorphological feature of the region is the Southland Syncline. This area was 
formed when harder sandstone and softer mudstone alternately eroding to create strike 
ridges (Turnbull and Allibone, 2003, p. 7). When overlain on a geological map (Figure 
4-8), we can see that the site straddles the border between the GLM (Meg) and eQa. eQa 
is comprised of gravel, sand and mud in the lower terraces; and gravel and sand in inactive 
fans. Like the Mataura site (F46/25), Gowan Brae is situated in the GLM but is on the 
edge of another geological unit. To the south of the site is the Q1a unit, which are swampy 
deposits of peat that occur in valley floors and as mounds on terraces. There is a thin 
section of the Q2a unit which is composed largely of gravel, sand and mud. Further south 
still is the Stag Stream siltstone formation (mTn), which is part of the North Range Group 




FIGURE 4-8. GEOLOGICAL MAP OF THE GOWAN BRAE PORCELLANITE SITE. 
4.9.2.4 SITE DESCRIPTION 
The relocation aids and the description of the site, and material, differ to what was 
observed in 2018. The SRF states, “Go to ‘Gowan Brae’ farmhouse, turn right through 
gates, on tractor track, through gully with creek on right side. Porcellanite scattered over 
25 yards along track and down to creek.” The landscape has obviously changed in the 
past 40 years, as there is no proper creek in the vicinity anymore, but there is a cutting 
and waterlogged ground. However, the waterlogged areas run along the north-west of the 
knoll, to the west of the site. It is impossible to know if Croad’s ‘right’ means east or 
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west. Presumably, since they accessed the site from the farmhouse, which is almost 
directly south of the site on the opposite side of Mason Road, then as they approached the 
creek should be on the ‘left’. The seam of highly weathered porcellanite that is eroding 
could perhaps be what they encountered, as there is another waterlogged area that runs 
east of this area (read: right, if approaching from the south). It is likely that there was 
once a stream that bisected around the knoll and has been drained by subsequent European 
occupation of the area. The current landowner, Mr Hamish Milne, is the son of owner 
listed on Croad’s SRF, Mr C. H. Milne. The current landowner was familiar with the 
material and was able to confidently redirect us to all the exposures of porcellanite.   
4.9.2.5 RAW MATERIAL 
Below, Figure 4-9. identifies the main area of exploited material and the area where a 
seam of porcellanite is eroding.  
 
FIGURE 4-9. MAP SHOWING THE DIFFERENT AREAS OF PORCELLANITE AT GOWAN BRAE. 
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The material most suitable for tool production was on the western edge of the knoll, where 
there is one main exposure of porcellanite (Figure 4-10). There is a waterlogged gully to 
the north of the outcrop which was likely once a creek. On the northern face of this gully, 
nestled amongst gorse, are smaller outcrops of porcellanite which exhibited no evidence 
of being exploited for material. The main exposure of porcellanite is not of a high quality. 
 
FIGURE 4-10. MAIN OUTCROP OF PORCELLANITE AT GOWAN BRAE. 
The material is coarse, tabular and riddled with inclusions. Exposure has weathered the 
material, with the rind exhibiting evidence of further metamorphism and vesicles are 
visible to the naked eye. There was evidence on the outcrop of hammer scars but there 
was very little evidence for tool production. No cores or flakes littered the ground surface. 
In the 1976 SRF, Croad mentions that red porcellanite flakes are visible in tractor tracks, 
gorse, and grass, with further worked material appearing below the surface. No material 
was visible on the surface during the 2018 visit, either raw or worked. Croad also 
describes grey and green porcellanite present, although in small quantities. However, 
Croad does note that the porcellanite weathers to red, which was observed, and that 
inclusions may have made the material unsuited to flaking.  
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No evidence of tool manufacture was located on the ground surface, unlike Croad’s 
observations. Croad visited slightly earlier in the year and it is possible that after Winter, 
the ground cover was sparser, making archaeological material more visible. However, 
when visited in 2018, ground cover at the site was not dense. The material observed was 
weathered to a dark red-brown colour on the outcrops. There are small lenses of material 
which could, at a stretch, be reconciled as Croad’s ‘grey’ and ‘green’ material (see Figure 
4-11).  
 
FIGURE 4-11. CLOSE UP OF PORCELLANITE AT GOWAN BRAE. 
Croad’s description of there being material at two separate areas of the site does match 
the 2018 observation, as there was material on both sides of a gully, however, there was 
no road or tractor track in 2018. In the above photo (Figure 4-11) the parallel, systematic 
joints of the porcellanite can be seen. The material is highly weathered, resulting in sills 
or tabular fractures.  
4.9.2.6 ON-SITE PRODUCTION: 
There is little evidence of exploitation or lithic production at the site. The main 
porcellanite outcrop displays evidence of being targeted for material, as there are impact 




FIGURE 4-12. CLOSE UP OF PERCUSSION SCARS ON AN OUTCROP AT GOWAN BRAE (1). 
 
FIGURE 4-13. CLOSE UP OF PERCUSSION SCARS ON AN OUTCROP AT GOWAN BRAE (2). 
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These impact scars are present in areas which are more sheltered from the effects of 
weathering. There are very few of these scars, however, it is possible that weathering has 
removed or disfigured any identifiable scars. The images above (Figure 4-10 and Figure 
4-11) show that the main outcrop is highly weathered and that porcellanite is not the sole 
rock type included. Rocky conglomerate discontinuously covers large portions of the 
outcrop. This would have hindered procurement, increasing time and effort expenditure, 
and decreasing profitable return. Instead, small areas free of conglomerate were targeted. 
These areas of porcellanite seem to occur in the more sheltered parts of the outcrop, such 
as near the base or under overhangs. Croad details on the SRF that worked material 
appears to be present below surface and in tractor tracks. There were no tractor, stock or 
other tracks present in the immediate vicinity of the site. No worked material was 
identified in the 2018 visit. There was no erosion or trampling witnessed during the site 
visit, although the land is actively used for sheep farming. It is possible that the areas 
around the outcrop have been ploughed or otherwise affected by agricultural activity, 
resulting in a lack of archaeological material on the surface. It is unlikely that the lack of 
visible/present surface material stems from the natural geology. The jointing, along with 
the presence of other rock types, suggests blocks of porcellanite were not easily procured. 
Easily procured blocks of material from which tools can easily be removed, can reduce 
the need for on-site reduction as the material is largely suitable for production. The effort 
of transportation in these situations is negated by a high benefit, as no preparation is 
needed to ready the block or core.  
4.9.3 LITTLE BREMNER CREEK 
4.9.3.1 INTRODUCTION 
The Little Bremner Creek quarry is located on the lower flanks of the Hawkdun Range in 
Central Otago (see Figure 4-14). The site is significant as it is the largest porcellanite 
quarry and working floor. Alexander Mutch of the New Zealand Geological Survey first 
recorded the site in 1960, describing a working floor of burnt mudstone in relation to 
nearby ovens. In 1974, Graeme Mason of the Anthropology and Archaeology Department 
at the University of Otago revisited the site. Sometime during these two visits, bulldozing 
work made a cut through the site, but apart from this the site is undisturbed. A site visit 
was conducted on 28th August 2018 and the site does not appear to have been damaged 
or altered since it was originally recorded. Previous site visits have also been undertaken 
by Dr Tim Thomas of the University of Otago since 2016, and by other researchers after 
 
58 
Mason’s original visit (Hamel, 2001) and have contributed greatly to what we now know 
of the site.  
 




4.9.3.2 ENVIRONMENTAL SETTING 
The Little Bremner Creek site is remote and is accessed via a 3km farm track that begins 
from Hawkdun Runs Road and travels into the private property of Dunstan Burn Station. 
Running below the quarry is the Little Bremner Creek, a snow-fed creek which in turn 
runs into the Manuherikia River, one of the major rivers of the region. The landscape is 
covered in tussock grasses (Chionochloa genera), matagouri (Discaria toumatou) and 
Spaniard (Aciphylla sp.). The Hawkdun Ranges trend north west and are around 50km 
long, with a maximum altitude of 1880m ASL. The Ranges separate Central Otago from 
North Otago and are subject to extreme climatic conditions, from harsh summers to snow-
cover in winter. St Bathans is the nearest town and has an average annual temperature of 
8.9°C, with rainfall averaging 570mm, resulting in a dry, high-country landscape. 
4.9.3.3 GEOLOGICAL SETTING 
When overlain on a geological map (Figure 4-15) the site, like the previous sites, can be 
identified as bordering multiple geological zones. The site is in an area of mixed 
geological activity with closely intersecting units. The site is in the geological mMm unit 
and has been discussed previously, but it is part of the Manuherikia Group which consists 
of claystone and siltstone, with minor lignite seams. Q2a borders the site to the north and 
south, and is a unit of fluvial deposits, with gravel, sand and silt. To the east and south is 
the Q8a unit which is another fluvial deposit of gravel and sand with loess covering it. 
Broadly surrounding the site are the volcanic horizons of the Ytv unit, part of the Rakaia 
Terrane Permian-Triassic sedimentary rock group. Broadly, the Rakaia Terrane is 




FIGURE 4-15. GEOLOGICAL MAP OF THE LITTLE BREMNER CREEK PORCELLANITE SITE.  
4.9.3.4 SITE DESCRIPTION 
Situated on a terrace above the north bank of Little Bremner creek, the site features 
several small outcrops of exposed porcellanite. A seam of porcellanite appears to extend 
through the terrace and where it is exposed, material has begun eroding and tumbling 
downslope. The surface of the site is covered in tussock and herb-fields. Pits have been 
dug to access the seam of porcellanite, with one large pit being the most notable. The 
large pit is circular, approximately 5m in diameter and at points, reaches a depth of 1m. 
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Inside and surrounding the pit are piles of flaked material and debitage. Greywacke 
hammerstones have been identified at the site. As the site is positioned on the flanks of a 
mountain range, it experiences water run-off during periods of heavy rain and snowmelt. 
Where exposed porcellanite is subjected to prolonged contact with water, the material can 
be seen weathering and dissolving. Highly weathered material oxidises and is easily 
identifiable by the orange colour this presents, as well as the soft nature of the stone.  
4.9.3.5 RAW MATERIAL 
The raw material on site is centralised surrounding one large pit, presumably from which 
material was extracted. Small (<30cm height) outcrops (Figure 4-16.) of porcellanite are 
present at the site but these show no evidence of being targeted for material procurement.  
 
FIGURE 4-16. WEATHERED OUTCROPS OF PORCELLANITE AT LITTLE BREMNER CREEK. 
There is one large, main quarry pit from which most material is sourced (see Figure 4-17 
and Figure 4-18). Flaked material surrounds the quarry pit and smaller fragments that are 




FIGURE 4-17. LOOKING SOUTH ACROSS THE QUARRY PIT AT LITTLE BREMNER CREEK. 
 
FIGURE 4-18. LOOKING NORTH ACROSS THE QUARRY PIT AT LITTLE BREMNER CREEK. 
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There is a slip running down the ridge on which the main quarry pit is located. This slip 
has exposed eroding porcellanite. The material exposed in this slip is of a poor quality, 
which is dissolving slowly due to the moisture content of the ground. This area may have 
always been subject to instability and the material may have always been unsuitable for 
lithic manufacture. 
Porcellanite occurs in a range of colours at the Bremner quarry. A pale lavender colour is 
predominant, however, there are also mustard-yellow and a mottled combination of the 
two is present in lower frequencies. All the raw material displays a weathered cortex, and 
this includes the varnishes, however, weathering is discussed in more detail in the 
following chapter. Severely weathered material becomes entirely orange. The lavender 
porcellanite is of a fine quality, suitable for tool production. The more weathered the 
material, the less suitable it becomes as iron and silica are leached from the stone and it 
becomes soft. Some of the material has inclusions. Weathering has varnished some of the 
material to a waxy lustre, but in general it is matte. All the material has an opaque 
translucency.  
4.9.3.6 ON-SITE PRODUCTION 
There is both unmodified and modified material at the Little Bremner Creek site. 
Porcellanite was procured on site and underwent manufacturing. During the site visit on 
the 28th of August 2018, two greywacke hammerstones were identified (see Figure 4-19). 
These were fractured, resulting likely from the effects of tool production. Both 
hammerstones displayed a water-rolled cortex. These hammerstones were likely 
transported upslope to the porcellanite quarry, perhaps from the Manuherikia River at the 




FIGURE 4-19. LEFT: GREYWACKE HAMMERSTONE AT LITTLE BREMNER CREEK (1). RIGHT: GREYWACKE 
HAMMERSTONE AT LITTLE BREMNER CREEK (2). 
Manufacture does not appear to have been restricted to any one area of the site. Worked 
cores can be seen cascading down the slope below the large quarrying pit, as well as in 
the immediate surrounds of the pit. There are cores that display both minimal working 
and intensive preparation and utilisation. Flakes are plentiful at the site, largely as both 
waste flakes and flake blanks. No complete blade flakes or retouched blades were 
identified, however, blade fragments were present.  
4.9.4 BENGER 
4.9.4.1 INTRODUCTION 
The site was unable to be visited as part of this research as the landowner would not 
permit access. The site was first recorded in July of 1977 by Graeme Mason of the 
Anthropology Department at the University of Otago. Mason describes the site as 
occupying ~300m2 of tussock (Chionochloa genera) and matagouri (Discaria toumatou) 




FIGURE 4-20. MAP OF THE BENGER SITE PORCELLANITE SITE, G43/4. 
Ploughing and bulldozing for the construction of an irrigation dam and water races were 
noted by Mason as having destroyed the eastern area of the site, which is closest to the 
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highway. An aerial photograph from 1945 (Retrolens, 1945) was georeferenced (Figure 
4-21) to determine if any archaeological features associated with the Benger site or 
landscape changes could be identified. An aerial from 2020 has also been provided for 
comparison (Figure 4-22).  
 
FIGURE 4-21. GEOREFERENCED AERIAL PHOTOGRAPH FROM 1945 (RETROLENS, 1945). 
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The Roxburgh dam reservoir was filled-in in 1956 with the creation of the Lake Roxburgh 
hydroelectric scheme (Macfarlane and Roberts, 2001). This engineering event altered the 
surrounding landscape dramatically, and State Highway 8 was realigned during the course 
of these works. The Benger site has not escaped from the effects of these works, and it 
can be seen that the original highway cut through the site, which extended from the site 
marker, eastward through to the road.  
 
FIGURE 4-22. AN AERIAL PHOTOGRAPH OF THE BENGER SITE FROM 2020. 
 
68 
Although Mason stated in 1977 that there was a large area of the site that remained 
undisturbed, it is likely that in the four decades since the site was recorded, that continual 
farming activity has further damaged the site.  
4.9.4.2 ENVIRONMENTAL SETTING 
The Benger porcellanite site is near the Central Otago township of Roxburgh. Roxburgh 
is a small town in the Teviot Valley by which the Clutha River runs. Overlooking the site 
is Mount Benger, for which the site is named. Mount Benger and the surrounding region 
begin with moist, rich soils in the valley and ascend to high tussock, grassland plateaus 
with an altitude between 275-1370m ASL. Just to the north of Roxburgh is Lake 
Roxburgh Village, named for the hydroelectric scheme which was constructed along the 
Clutha River. The average weather temperature for Roxburgh is around 10°C and the 
rainfall per annum averages 557mm.  
4.9.4.3 GEOLOGICAL SETTING 
The Benger site is situated, like most other porcellanite sites, in the Manuherikia Group 
(mMm) (see Figure 4-23). Here, the Dunstan Formations are part of the Manuherikia 
Group, where lacustrine clay, silt and oil shale occur along with minor lignite seams. In 
Figure 4-23 below, the geological unit bordering to the east and west of the site is the 
Caples Terrane, with undifferentiated volcaniclastic sandstone and siltstone (Yc). Small 
intrusions of weathered alluvium occur in isolated terrace remnants (eQa). To the south 




FIGURE 4-23. GEOLOGICAL MAP OF THE BENGER PORCELLANITE SITE. 
4.9.4.4 SITE DESCRIPTION 
The Benger porcellanite quarry was described by Graeme Mason as being a large site, 
with around 300m2 of the site possibly remaining undisturbed. Site disturbance was (and 
likely still is) due to activities associated with agriculture and mining.  
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4.9.4.5 RAW MATERIAL 
As the site could not be physically examined, photographs had to be taken from the fence 
line. From what could be viewed from a distance, there appears to be a seam of very 
weathered porcellanite eroding. Graeme Mason’s original SRF states that the site is 
relocatable from the prominent red bank which is visible from State Highway 8. This red 
bank of eroding porcellanite is still visible (see Figure 4-24). From other sites, it is known 
that porcellanite weathers to shades of orange as oxidisation occurs. It is also known that 
when this occurs, the quality of the material degrades. In the photographs below (Figure 
4-24), lighter inclusions in the porcellanite debris can be seen. If this is the case, then this 
material, which could be less weathered material, may have been suitable for tool 
production. This site is only ~2km north of the Coal Creek site, and both are close to the 
Clutha River which runs adjacent to the east of the site. In geological terms, the distance 
between sites is minimal and as they are both broadly within the same geological unit. On 
the original SRF from 1977, Graeme Mason describes abundant cores and flakes 
scattering the site and evidence of exploited outcrops. Manufacturing of complete tools, 
rather than blanks, was undertaken on site according to Mason’s description. Complete 
tools were found to occur to a depth of ~10cm, which does suggest intensive production, 
however, material depth could be attributed to taphonomic processes related to 
environmental factors, or European mining and farming activity area. Unfortunately, no 
material in the Otago University reference collection could be securely provenanced as 
being collected by Mason from this site.  
 
FIGURE 4-24. LEFT: BANK OF ERODING PORCELLANITE AT THE BENGER SITE. RIGHT: CLOSE UP OF THE 
BANK. 
4.9.4.6 ON-SITE PRODUCTION 
The SRF notes that there are depressions across the site with spoil piles around the edges. 
The depressions, or quarrying pits, are ~30-40cm in depth and ~1-2m in diameter. Graeme 
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Mason states on the original SRF that intensive quarrying of outcrops has occurred. 
However, it is not known if these outcrops are above surface, or if this merely refers to 
the sub-surface procurement. If there are both outcrops and sub-surface material being 
exploited, then this could imply that material from the outcrops was of a poorer quality 
to that of the exploited sub-surface seam. Porcellanite quality does degrade with 
weathering. At the Little Bremner Creek site, sub-surface material was more heavily 
exploited than surface material (outcrops), likely because the sub-surface material was 
not weathered.  
4.9.5 COAL CREEK 
4.9.5.1 INTRODUCTION 
Coal Creek is a small region in Central Otago, directly west of Lake Roxburgh Village 
(see Figure 4-25) which, unsurprisingly, was named for the vast amounts of coal in the 
region, as discovered by European settlers. Coal was first mined in the region from the 




FIGURE 4-25. MAP OF THE COAL CREEK SITE PORCELLANITE SITE, G43/30. 
4.9.5.2 ENVIRONMENTAL SETTING: 
The Coal Creek porcellanite site is near the Central Otago township of Roxburgh. 
Roxburgh is a small town in the Teviot Valley by which the Clutha River runs. To the 
north of Roxburgh is Lake Roxburgh Village, named for the lake created by a 
hydroelectric scheme which was constructed along the Clutha River beginning in the 
1950s. Coal Creek and Washpool Creek converge to the south of the site and run into the 
Clutha River. A large open cast coal mine had operated directly adjacent to the Coal Creek 
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porcellanite site but has since ceased operation. The average weather temperature for 
Roxburgh is around 10°C and the rainfall per annum averages 557mm.  
4.9.5.3 GEOLOGICAL SETTING 
A large, the open cast coal mine is directly opposite the site on Coal Creek Road. This 
mine opened in 1906 and closed in 2018 because of subsidence and instability, which the 
operators had caused by encroaching beyond specified limits (Jones, 2018; Kerr, 2018). 
The Coal Creek site is immediately to the west of Lake Roxburgh Village and to the south 
of the Benger site. Like the other porcellanite sites, and to Benger in the north, the Coal 
Creek site is situated in the Manuherikia Group (mMm) (see Figure 4-26.). As with 
Benger, it is bordered by the Caples Terrane (Yc). To the south are fluvial, fluvioglacial, 
lacustrine and other associated deposits (Q1a, Q2a and Q12a), including unconsolidated 




FIGURE 4-26. GEOLOGICAL MAP OF THE BENGER AND COAL CREEK PORCELLANITE SITES. 
4.9.5.4 SITE DESCRIPTION 
The Coal Creek porcellanite quarry is situated to the east of Coal Creek Road, which is 
west of SH8, near Lake Roxburgh Village in Central Otago. The site is on Coal Creek 
Road, ~250m north from where it joins Craig Road, off SH8. The area of material 
exposure extends, from the fence line by the road, ~100m upslope to the east, and 
continues, ~70m from north to south. The surrounding terrain is steep, with the 
highlighted scarp in the figure below (Figure 4-27), being highest feature in the immediate 
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vicinity. A seam of porcellanite is exposed and eroding down slope towards Coal Creek 
Road and the adjacent, recently closed, coal mine. Unmodified raw material, as well as 
modified cultural material, are both being exposed as the landscape is vertically displaced 
as a result of mining in the area.  
4.9.5.5 RAW MATERIAL 
The Coal Creek porcellanite is found scattered across a large area in varying colours. Raw 
material erodes from east to west downslope (see Figure 4-27).  
 
FIGURE 4-27. COAL CREEK PORCELLANITE SITE WITH ERODING RIDGE HIGHLIGHTED. 
Land displacement has revealed sub-surface deposits of porcellanite. No outcrops of 
material were noted, only large boulders and cobbles. European mining and related 
activities have likely intensified landscape movement and erosion that was already 
occurring. Early Māori colonists would have encountered material that was eroding 
downslope in easily accessible cobble form. No quarrying evidence could be identified 
on site. The fine-grained material is largely free from inclusions and no fossils were noted 
in the raw material. The material is homogeneous and while there is cortex weathering, 
this has not overly altered the material or rendered it unsuitable for lithic production. 
Depending on the level of weathering, the material is either matte or waxy in lustre, but 
flakes of the material are always opaque in colouration. Material density increases 
towards the top of the ridge. As well as occurring scattered down the slope, porcellanite 
 
76 
at the site can be seen in small areas where the landscape has dropped away, revealing 
sills of porcellanite and soil. These sills transverse the scarped hillside and are dense with 
unmodified and modified porcellanite (see Figure 4-28 and Figure 4-29).  
 
FIGURE 4-28. SILLS OF EXPOSED PORCELLANITE AT COAL CREEK. 
 
FIGURE 4-29. CLOSE UP EXPOSED PORCELLANITE AT COAL CREEK. 
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In Figure 4-29 above, a distinct lens of material can be seen as a result of the scarp 
eroding. As the landscape subsides, sills develop as the ground level drops. These sills 
contain lenses of material, where a dense porcellanite layer can be seen on top of a layer 
of dissolving porcellanite and mudstone.  
4.9.5.6 ON-SITE PRODUCTION 
It is difficult to ascertain the intensity of which lithics were manufactured at the Coal 
Creek site. The landscape is moving up to 15cm per year, and this displacement is 
damaging the archaeological remains (CODC, 2018, p. 54). The most concentrated areas 
of cores and flakes are in the ridges exposed by the landslips along the scarp. Instability 
has been increasing at least since the opening of the Harliwich Coal mine, if not before 
then, if unstable geology is the cause. In either case, the changing landscape has been 
altered dramatically since early Māori first exploited the porcellanite seam.  
There are exploited boulders and cobbles present on the site. These cobbles show 
evidence of flake removal (see Figure 4-30).  
 
FIGURE 4-30. LEFT: WORKED BOULDER OF PORCELLANITE AT COAL CREEK. RIGHT: WORKED COBBLE OF 
PORCELLANITE AT COAL CREEK. 
Impact crushing is also present on some of the cobbles. Unidirectional cores are scattered 
across the site, identifiable by the presence of platforms and percussion scars. There is a 
lot of flake material present in the exposed soil, some of which has been further exposed 
by rabbit burrowing (Figure 4-31). However, without removing material from the 
exposures, it is difficult to identify if the presence of this material is anthropogenic or 





FIGURE 4-31. PORCELLANITE EXPOSED THROUGH UPLIFT AND RABBIT BURROWING. 
Material that was not embedded in the exposures was examined. While there is a lot of 
waste material, such as small flakes and chips that are not characterizable, there is 
material that is identifiable. Blank flakes are present, with generally lateral margins and 
bulbs of percussion. No fully finished blades were identified, nor were any retouched 
flakes. One large hammerstone was identified, indicating that production did occur on 
site. The hammerstone is porcellanite and is identifiable because of impact scarring. No 
other material, such as greywacke which is commonly used for hammerstones, was 
located on site.  
4.9.6 CRAWFORD HILLS 
4.9.6.1 INTRODUCTION 
The Crawford Hills porcellanite quarry is situated on the Crawford Hills on Galloway 
Station, near Alexandra (see Figure 4-32). The site was first visited by Hyram Ballard 
1992, followed by a second visit by other members of the Anthropology Department from 
the University of Otago in the same year. However, the site was not officially recorded at 
the time, and was recorded on ArchSite as a result of this research. The site is located on 
a round-topped hill to the east of Trig Station F (#216). It is reached through a set of 
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locked gates off the Crawford Hills Road and by following a 4WD track for 2km in a 
south-southwest direction. The hill is distinctive in that unlike the surrounding hills, it has 
relatively few schist outcrops.  
 
FIGURE 4-32. MAP OF THE CRAWFORD HILLS PORCELLANITE SITE, G42/428. 
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4.9.6.2 ENVIRONMENTAL SETTING 
Situated on the Crawford Hills, north east of Alexandra, the Crawford Hills site overlooks 
the Ida Valley and the Raggedy Range to the east and the Dunstan Range to the west. 
Running north of the site is Crawford Hills Road by which the site is accessed. The Trig 
Station, which the porcellanite site is directly east of, has an altitude of 661m ASL, the 
highest altitude along the Crawford Hills. The site is currently part of the Galloway 
Station pastoral lease. Sheep, cattle, and red deer are farmed on the station. There are no 
rivers or watercourses in the immediate vicinity, but the Manuherikia River trends north 
west from the north of the Crawford Hills and into Alexandra. European settlers 
constructed water races for irrigation and mining activities and one of these, the Bonanza 
Water Race, passes north west along the base and flank of the Crawford Hills. The site is 
remote and difficult to access, but other lithic resources, such as silcrete, are also found 
in the vicinity. Fescue (Festuca sp.) tussock covers the landscape, which is arid and like 
the majority of Central Otago, experiences extreme climatic conditions from hot summers 
to harsh winters. Nearby Alexandra has an average annual rainfall of only 365mm, with 
temperatures ranging from above 30°C in summer to below 0°C in winter.  
4.9.6.3 GEOLOGICAL SETTING 
Situated on the Crawford Hills, north east of Alexandra, the site overlooks the Ida Valley 
and the Raggedy Range to the east and the Dunstan Range to the west. Central Otago is 
characterised by these large, northwest trending mountain ranges, which are still uplifting 
(Youngson et al., 1998). The Crawford Hills site could be considered an anomaly 
compared to the other porcellanite sites, as it and the Katiki site/s are the only sites not 
located within the Manuherikia Group (mMm). However, it must be noted that the 
boundaries in the geological maps of New Zealand are not as discrete as they appear. The 
geological units are not smoothly amalgamated, especially in remote areas where there 
may not have been intensive geological research undertaken. The Crawford Hills site is, 
however, closely bordered by the mMm unit (see Figure 4-33). The site is situated in the 
broad Caples Terrane in an area of undifferentiated volcaniclastic sandstone and siltstone 
(Yc). The main other nearby geological unit is a Holocene deposit of gravel, sand, mud, 
and minor peat related to lower lying flood plains (Q1a).  It is likely that the hilltop where 




FIGURE 4-33. GEOLOGICAL MAP OF THE CRAWFORD HILLS PORCELLANITE SITE. 
4.9.6.4 SITE DESCRIPTION 
The Crawford Hills porcellanite site extends a large area over the entire hilltop on which 
it is situated, approximately 200m from north to south and 100m from east to west. As 
the area is approached from the north, flaked material and cobbles can be seen covering 
the entire northern flank of the hill, where material appears to be slowly eroding 
downwards from the top (see Figure 4-34). At the top of the hill, there are in-situ outcrops 
of porcellanite. These outcrops display the effects of weathering with discoloured exterior 




FIGURE 4-34. LOOKING TOWARDS TRIG STATION F (#216) FROM THE CRAWFORD HILLS PORCELLANITE 
SITE. 
4.9.6.5 RAW MATERIAL 
Porcellanite at the Crawford Hills site is variable in condition. There is both highly 
weathered material not suitable for lithic production, and material that, while weathered, 
is still suitable for lithic production. The raw material occurs as in-situ outcrops (see 




FIGURE 4-35. OUTCROPS OF PORCELLANITE AT CRAWFORD HILLS WITH FLAKED MATERIAL IN 
FOREGROUND. 
 




The porcellanite eroding downslope (Figure 4-36) is indicative of targeted material being 
procured from the outcrops at the top of the hill. After this, the material would have been 
reduced and inspected for quality and form. Raw material that best fit the required form 
and was of good quality would have likely then been transported off site for further 
manufacture.  
There is a differentiation between material throughout the site. This differentiation can be 
generally separated into cardinal areas. At the northern flanks of the site, material ranges 
in colour from brown to purple to grey. This material is free of inclusions and appears 
suited to lithic tool manufacturing. The eastern area of the site is where the poorest quality 
material is located. This material is a pale grey to white and is very soft and weathered 
compared to the northern material. The southern and western areas of the site contain 
porcellanite of the highest quality. This material is hard, free of inclusions and is dark 
grey and purple in colouration. There are depressions on the top of the hill where 
porcellanite can be seen underneath the groundcover (see Figure 4-37). These depressions 
could either be the result of subsurface exploitation by early Māori, or, more likely, they 
are the result of stock trampling.  
 




4.9.6.6 ON-SITE PRODUCTION 
The main concentration of lithic exploitation occurs on the northern flank of the hill (see 
Figure 4-38). Material here ranges in colour from brown to purple to grey. The material 
here is slowly eroding down the slopes of the hilltop. A wide scatter of cobbles and 
numerous flakes can be seen covering this entire face of the hill. This material was 
obviously favoured for tool manufacture as it is the most predominantly worked material 
compared to that occurring in other areas of the site. On the eastern flanks of the hill, 
white porcellanite weathering to orange/red can be found. This side of the hill is sparse 
in material evidence compared to the other areas of the site and the material does not 
appear to have been as favoured for lithic tool production. This paler grey and white 
material often contains inclusions and is quite soft. No flakes of this material were found, 
only unmodified, raw cobbles. The largest concentrations of dark grey to purple 
porcellanite occur on the southern and western edges of the site. This material appears 
well suited to tool manufacture as it is hard and free of inclusions. There were worked 
cobbles and flakes of this colour at these areas of the site.  All the material appeared to 
be weathering and as elements are leached from the material, the exterior oxidises to an 
orange colour. The only in-situ outcrops on the site are of this pale white/grey material. 
There are no in-situ deposits of porcellanite of any other colour variations, although 
worked cobbles and flakes scatter the northern, southern and western edges of site. It is 
possible that sub-surface material may be of higher quality and of different colour. No 




FIGURE 4-38. THE NORTHERN FLANK OF THE CRAWFORD HILLS SITE, LOOKING SOUTH. 
Both material procurement and tool production occurred on site. Higher quality material 
may have been extracted from subsurface deposits, however, no obvious evidence of this 
could be discerned. There are depressions and areas of stock trampling that may indicate 
areas of subsurface material extraction, but as noted earlier, it is difficult to discern the 
exact causation of these depressions. There was an abundance of flaked material across 
the site, mainly in three distinct areas. The northern, southern and western flanks of the 
hill had concentrated areas of flaked material, while the eastern area of the site did not. 
Cortical flakes were identified, but no tools progressing further in the production 




FIGURE 4-39. SCATTER OF PORCELLANITE AT CRAWFORD HILLS. 
The flake material displayed platforms, bulbs and fracturing. The evidence suggests that 
there was no systematic exploitation or production of porcellanite at the site. Flakes were 
struck off unprepared cores in a haphazard manner, as observable by the scattered flakes 
across the site which have not formed accumulations indicative of intensive production 
(see Figure 4-39). 
4.9.7 KATIKI 
4.9.7.1 INTRODUCTION 
Katiki Beach in coastal East Otago extends from Shag Point in the south to Moeraki in 




FIGURE 4-40. MAP OF THE KATIKI PORCELLANITE SITE, J42/66, J42/17 AND J42/43. 
According to ArchSite, the NZAA’s site recording scheme, there are three porcellanite 
source/quarry sites (J42/17, J42/43 and J42/66) at the northern end of Katiki Beach, near 
Moeraki. For the purpose of this thesis, these three sites have been investigated as a 
singular site as the entire inlet they are located within extends only 500m. The inlet these 
sites are in is called Katiki, which is difficult to reach depending on the tide. Even at low 
tide, visitors on foot are required to wade around or go over a cliff face. The site records 
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for these sites state that the porcellanite at these sites is a distinctive ‘duck egg blue’ which 
occurs on the beach, likely eroding slowly out of the surrounding cliffs. The site records 
for these sites have not been updated in the past 30 years, and it is likely landscape 
changes have occurred since then. Early archaeological investigations easily identified 
the uniquely coloured porcellanite from Katiki in assemblages from throughout Murihiku 
(Skinner, 1924; Teviotdale, 1924; Lockerbie, 1940; Orchiston, 1976; Leach and Hamel, 
1978). 
4.9.7.2 ENVIRONMENTAL SETTING 
Katiki is a small inlet between the northern edges of Katiki Beach, and the southwestern 
point of the Moeraki Peninsula. Te Raka-a-Hineatea Pā overlooks the site to the west, 
near the Moeraki Lighthouse. Katiki is a sandy inlet that slowly transitions to beach 
cobbles at the base of steep cliffs. The surrounding sandstone and mudstone cliffs are 
slowly eroding. The surrounding landscape at the top of the cliffs, to the north and west, 
is used for agriculture, with sheep and cattle being farmed. Tussocks cover the tops of the 
dunes along Katiki Beach (Spinifex and Ficinia sp.). A variety of marine avian and 
mammalian species make their habitats in surrounding area. Nearby Moeraki has an 
average temperature of 15°C and an average annual rainfall of 465mm.  
4.9.7.3 GEOLOGICAL SETTING 
The Katiki site/s occur in a complex geological area, but one that has been well studied 
(see Aitchison et al., 1993; McMillan and Wilson, 1997). Two main geological units are 
present in the immediate vicinity of the site. The map (Figure 4-41.) below details the 
information pertaining to these two units. The site/s are located in the Waiareka Volcanics 
(Elw), which are a part of the Alma Group. The Waiareka Volcanics are intrusive basaltic 
masses, with soft grey Oamaru diatomite and breccia of Lorne pyroclastics. Immediately 
to the west and north of the site is the Waihemo Fault System (Eo), which is part of the 
Onekakara Group. This geological unit is marine micaceous sandstone and mudstone, as 
well as glauconitic sandstone and mudstone. The Otepopo Greensands are a geological 
formation that consists of medium to fine grained sandstones and this formation extends 
through the Waihemo Fault System surrounding the site. This formation is composed of 
glauconite, which has a characteristic green colouration. Shell fragments and schist 
detritus are minor but present in the formation (Aitchison et al., 1993, pp. 47-48). The 
unique colouration of the Katiki porcellanite could be the result of the glauconite 
inclusions. The geological unit/s that the site is located in and near are different from the 
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other porcellanite sites, which have formed due to the combustion of lignite seams in 
relation to mudstone. However, at Moeraki, this does not seem to be how the material 
formed. It is probable then, that this material is not a porcellanite at all, but a visually 
similar finely grained, metamorphic mudstone which fractures conchoidally.  
 





4.9.7.4 SITE DESCRIPTION 
Katiki extends for approximately 500m. The site is surrounded by steep cliffs at either 
end, and farmland set back from the eroding sand banks (Figure 4-42).  
 
FIGURE 4-42. STEEP CLIFFS SURROUNDING KATIKI, LOOKING WEST. 
The site positions, as identified by ArchSite, are clustered, with one (J42/17) at the 
western end, and two sites (J42/43 and J42/66) at the eastern end. All of the sites were 
investigated as a single entity and plotted as such on the above geological map (Figure 
4-41). The sites were visited on August 12th, 2018. Site J42/17 at the western end of the 
bay is easily identified by the large amounts of water-rolled porcellanite cobbles amongst 
other beach rocks. As noted earlier, this material is a pale bluish green colour, which can 
be easily spotted. Porcellanite is concentrated in a 30m easterly trending strip from the 





FIGURE 4-43. KATIKI, LOOKING NORTH-EAST. 
4.9.7.5 RAW MATERIAL 
The raw material at Katiki is a pale green and occasionally, pale grey rock. As it occurs 
in a coastal landscape, the material displays a water-rolled cortex. Like other 
porcellanites, it is fine grained and opaque in colour, with a matte lustre. Calcitic 
inclusions are often present in the material. Inclusions may have weakened the material 
and/or made it unsuitable for tool manufacture. The porcellanite here likely owes its 
colour to glauconite, a mica-group mineral which has a characteristic green colour. This 
green colour ranges from black green, to olive green and through to blue green. 
Glauconite often forms in marine areas of low oxygen. When exposed to weathering, 
oxidation can cause glauconite to weather to shades of yellow (Parron and Nahon, 1980, 
p. 690). Because no other source sites have been identified as containing porcellanite of 
this unique colour, it is likely possible to identify Katiki porcellanite from archaeological 
assemblages based on visual characteristics alone.  
4.9.7.6 ON-SITE PRODUCTION 
The porcellanite at Katiki is readily available as water-rolled cobbles which negates the 
need to quarry the material. There are cores of porcellanite, with evidence of flake 
removal that range in size from ~10cm in diameter, up to ~30cm and occur in various 
shades of pale green and occasionally, pale grey (see Figure 4-44). The cores are not 
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intensively worked, usually with only one face showing evidence of one or two flakes 
being removed.  
 
FIGURE 4-44. LEFT AND RIGHT: PORCELLANITE CORES AT KATIKI. 
The flakes identified were all unifacial flakes. No finished blades were located but it is 
important to note the volatile nature of the exposed bay. However, boulders on the beach 
may have been targeted in attempts access less weathered material. These boulders could 
be in-situ outcrops of porcellanite or may have possibly eroded from the cliffs in the past 
and settled on the beach in their current forms. The boulders exhibit evidence of being 
targeted for material as there are percussion scars from impacts present (see Figure 4-45 
and Figure 4-46). 
 




FIGURE 4-46. PORCELLANITE BOULDER AT KATIKI DISPLAYING EVIDENCE OF PERCUSSION. 
There are cobbles that indicate percussive force and these cobbles could have been used 
as hammerstones. However, constant water-rolling does diminish any significant 
identification markers. No other material was observed to show any indications of being 
used as hammerstones, but this does not exclude the possibility. The site would have been 
easy for early Māori settlers to access via waka and material could have easily been 
transported to coastal settlement sites. It is at these settlement sites that lithic production 
likely occurred. There is little evidence at Katiki of intensive production. It must be noted, 
however, that this lack of evidence could be entirely due taphonomic processes. The site 
is extremely exposed, and it is possible that in the ~800 years since the site was utilised, 
that coastal erosion and rising sea levels have altered the site. 
4.10 SUMMARY 
This chapter has provided a detail on each porcellanite procurement site surveyed for this 
thesis. Two sites, Craig Road and Benger, were unable to be properly surveyed due to 
landowner issues. These sites could only be viewed from a distance and would definitely 
benefit from proper surveys. All of the sites surveyed, with the exception of Gowan Brae, 
displayed evidence of on-site manufacture. Gowan Brae, while not having any flaked 
material on the surface, did display evidence of percussion on the porcellanite outcrops. 
The Little Bremner Creek site displayed the most intense levels of lithic production, best 
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evidenced by the large quarrying pit filled and surrounded by flaked material. There was 
also evidence of intensive procurement, but not manufacturing, present at the remote 
Crawford Hills site, which had the largest amount of porcellanite outcrops compared to 
the other sites. The presence of numerous outcrops at Crawford Hills may be related to 
the remoteness of the site, wherein it was infrequently visited by either Māori seeking 
porcellanite, or by European agriculturalists producing landscape changes. The Katiki site 
is the only coastal porcellanite site and there was evidence of flaked material along the 
changeful foreshore. This site would have been one of the easier to access but given the 
environmental conditions, the weathered material here may not have been as useful as 
inland material. All of the sites, apart from Crawford Hills and Katiki, occur in geological 
units rich in lignite seams. Craig Road and Gowan Brae are situated in the Gore Lignite 
Measures, while Little Bremner Creek, Benger and Coal Creek are all situated in the 
Manuherikia Group. The Crawford Hills site is located close to the Manuherikia Group, 
and it is possible the hilltop the site is on is an unmapped extrusion of this unit. When 
compared to the other sites, the Katiki site is very different as it is located amongst 
Waiareka Volcanics and the Onekakara Group. There is no lignite described in the 
geological mapping of Katiki area. This would mean this material is not in fact 
porcellanite, or, it could be a very localised geological occurrence which has not been 
mapped. However, due to the highly studied geology of the region (see McMillan and 
Wilson, 1997; Aitchison and Campbell, 1993; Paterson, 1941), it is likely the Katiki 









Raw material samples were collected from the surveyed porcellanite procurement sites. 
The samples were analysed as hand specimens using both the naked eye and a 10x hand 
lens. The physical properties of the raw material samples were investigated to explore the 
effects that raw material has upon tool manufacture and to explore the potential of hand 
sourcing the material. It should also be noted that the collected samples do not always 
fully represent the range of colours present at the source sites. Often, different colours of 
porcellanite were present as in-situ raw material and samples could not be collected 
without causing damage to the site/s. This chapter will report the results of the geological 
analyses, which included various hand specimen characterisations.  
5.2 METHODOLOGY 
This section will describe the methods employed to undertake the analyses described 
further in the thesis. Hand specimen analysis refers to the characterisation of a rock using 
only the unaided eye or low magnification (Odell, 2012, p. 28). Hand specimen analysis 
does not require expensive or expansive equipment and it produces replicable results. 
These characterisations will include material colour, texture and weathering analysis. In 
preparation for pXRF analysis (see Chapter 6) the samples were cut using an 8” diamond-
tipped titanium saw blade, to provide both a flat surface to analyse with the pXRF and to allow 
for characterisation of the interior and exterior of the material. Hand specimen analysis is not 
without negativities. Macroscopic appearance can be difficult to analyse with fine-grained rocks, 
especially when only using the naked eye or a hand lens. It can also be subjective and personal 
ability can provide results that are lacking. 
A geological analysis of the texture and weathering of the samples will be provided to 
better contextualise the lithics and help identify the role raw material had in lithic 
production. Texture will be assessed for both the exterior and interior surfaces of the 
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material and will refer specifically to grain-size, vesicles, and inclusions if present. It has 
been previously noted that porcellanite undergoes and is affected by weathering and this 
weathering will be described in detail, along with texture description, as part of the visual 
characterisation section. Weathering on the exterior of lithics varies depending on their 
mineralogy and post-depositional factors. It has been identified that weathering of 
porcellanite results in patinas, varnishes, oxidation and even dissolution of the material. 
A patina is a layer, film, rind or encrustation produced on the surface of a rock due to 
chemical weathering (Glauberman and Thorson, 2012, p. 21). Patinas are the result of 
silica dissolution and diffusion from a lithic (Luedtke, 1992). When this process occurs, 
porosity increases and the possibility of further weathering increases. A varnish, also 
called a gloss patina, commonly forms on lithics as a result of the gradual deposition of 
colloidal silica onto the surface of a lithic. There is some disagreement whether internal 
silica leeching could also result in a varnish (see Howard, 1995, p. 323). Iron oxides are 
the most abundant metallic oxides in soils and these oxides are often present on lithics. 
However, metallic oxides can also leech out from within the lithic raw material and result 
in staining and corrosion.  
Photographs were taken of all raw materials collected by the author, and those kindly 
donated by others. All photographs were taken using a Canon 500D, with the white 
balance set to the fluorescent light (4000K) setting. The white balance was set to remove 
unrealistic colour casts, in short, it was set to preserve the white of the background and to 
create a replicable standard of comparison. Sample sizes varied and there was no set focal 
length, but a measurement scale has been provided in all the photographs.  
Porcellanite varies in colour both intra and inter site. One of the aims of this thesis was to 
examine potential sourcing methods for porcellanite and thus it was investigated whether 
colour could be a visual discriminant. Colour, while an ambiguous area, will be assessed 
using a Munsell colour chart, which is standard archaeological practice for lithic colour 
characterisation (Ferguson, 2014). The Munsell colour system identifies colour using the 
three properties of colour: hue, value and chroma. The system was created in the early 
20th Century by Albert H. Munsell to facilitate further soil research (Munsell, 1912). Since 
then, the Munsell system has been adopted by other research fields where colour 
identification and matching are important. For the samples collected, the colour of the cut 
(or broken) interior surface will be provided as these surfaces will be unaffected by 
weathering, which varies due to the source and depositional location. It will be noted 
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during this chapter if the interior colouration differs from the exterior. In the table, the 
Munsell colour notations will be accompanied by the standardised colour names. These 
Munsell colour name provide a realistic description of colour white the notations provide 
a more specific expression of the colour. A general colour description will also be 
provided alongside the Munsell notation.  
5.3 GEOLOGICAL ANALYSIS 
As was noted previously, geological analysis and visual characterisation will include the 
texture of the raw material, along with grain size, inclusions, and the effects of 
weathering. Photographs of all the samples are included in tables within each site section 
(see Table 2-Table 6). These tables include the sample number, which will be repeated in 
later chapters as this number was used during pXRF analysis.  
5.3.1 GOWAN BRAE SAMPLES 
Two samples were collected from the outcrop of porcellanite at Gowan Brae, near Gore 
in Southland. The outcrop was heavily weathered, with conglomerate material encasing 
much of the exterior but there were small areas where the material was relatively un-
weathered. One of the samples (sample 10) was collected from an un-weathered section 
of the outcrop, while the other sample (sample 9) was collected from an area displaying 
weathering, but not the most weathered section. Sample 9 is a dark bluish grey weathered 
material, that is highly fractured. The exterior cortex displays oxidation as well as a patina 
forming. The material of sample 9 is banded, with colour differentiation occurring in 
layers between the exterior and interior. It is unlikely that this material would have been 
suitable for tool manufacture due to its highly fractured nature. No inclusions were noted 
in this sample and the interior, which is un-weathered, has fine-grained texture. However, 
the exterior is coarse-grained, likely because of mineral loss. Sample 10 is a dark reddish 
grey and is also weathered but not as badly as sample 9. Like the other sample, a white 
patina is forming on the exterior, albeit discontinuously. Aside from this patina, there is 
no discernible major colour differentiation throughout the material. This sample is fine-
grained and would have been suited to lithic production as the material is strong and free-
from inclusions or fractures. It is unlikely, in general, that this site was heavily targeted 
or utilised for lithic procurement, based on the characteristics of the raw material. The 
majority of the main outcrop produces heavily fractured material, which is highly 
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weathered. There are areas where nice, homogeneous, fine-grained material, such as that 
seen in sample 10, is found but most material at this site is consistent with sample 9.  











10B 3/1  
Very dark 









5.3.2 LITTLE BREMNER CREEK SAMPLES 
Seven samples were collected from amongst the unmodified raw material at the Little 
Bremner Creek porcellanite site. Of these seven samples, three were collected and kindly 
provided by Dr Tim Thomas. Six of these samples were collected from around the main 
quarry pit at the site (see Figure 4-17 and Figure 4-18) while the remaining one sample 
was collected from an eroding seam of porcellanite to the south of the main quarry pit. 
Sample 14 is yellow and only slightly weathered, with a varnish forming on the exterior 
of the sample. There was no colour differentiation between the interior and exterior of the 
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sample. The texture of this sample was generally fine-grained and homogeneous, but 
there were small areas where fracturing and pitting had occurred. Sample 15 is reddish 
grey in colour and also only slightly weathered, but this had resulted in oxidation 
occurring irregularly over the exterior surface. The discontinuous oxidation was the only 
discernible difference between interior and exterior colouration. This sample is fine-
grained but there are small areas where the material is internally fractured, which may or 
may not have impacted lithic production. Despite the discrete fracture areas, the material 
is strong. The one sample (# 16) collected from an eroding porcellanite seam, is vastly 
different to the other samples. This sample is reddish in colour and very soft and 
intensively weathered. Kooyman (1985, p. 139) identified that porcellanite rapidly 
dissolves when in contact with sodium hydroxide (NaOH) and theorised that the material 
would dissolve in soil with a pH value greater than 7. An alkaline or basic soil present 
around the eroding seam at the Little Bremner Creek site could potentially explain the 
partially dissolved nature of sample 16. This sample was not selected for further pXRF 
analysis, due to the poor quality of the material which would not have been suitable for 
lithic production. The final sample, 17, collected by the author was slightly weathered, 
with a varnish forming on the exterior, similar to sample 14. This sample is a mottled 
olive brown, with small lichens rooted in the exterior surface of the sample. This sample 
had likely experienced mineral loss due to weathering, resulting in surface vesicles. 
Oxidation has occurred on the sample, but no major colour changes were identified due 
to weathering in this sample. Of the samples collected by Dr Tim Thomas, only TT2, 
which is a light grey, exhibits surface varnish. All these three samples are slightly 
weathered, with the material remaining in flakeable condition. Two samples show 
oxidation (TT1 and TT3) present on the exterior surface. TT1, a whitish colour on the 
yellow red scale, in particular has patches of oxidation discolouration, which is the only 
differentiation between interior and exterior colouration. TT3 is mottled in dark bluish 
grey colouration and there is discontinuity across the exterior surface, but no major 







TABLE 3. LITTLE BREMNER CREEK PORCELLANITE SAMPLES. 
Site Name Sample 
Number 





































































5.3.3 COAL CREEK SAMPLES 
Seven samples were collected from the Coal Creek porcellanite site. A wide range of 
material colours were present at this site and the large range of collected samples reflects 
this. The first sample, 1, was very soft and heavily weathered. The raw, reddish material 
was porous, with vesicles identified. Mineral loss due to weathering has likely occurred 
and rendered the material chalky and weak. There were small lichens growing on the 
material. Despite the weathering, there was no colour differentiation throughout the 
sample. Sample 2 is slightly weathered, with a fine, white patina forming on the exterior. 
This patina has resulted in their being a differentiation between exterior and interior 
colour, with the interior being a light bluish purple. The third sample (3), also has a white 
patina forming on the exterior surface, resulting in a difference between the interior colour 
of medium greyish purple and the exterior. This sample is lightly weathered, and the 
patinas would not have impacted the quality of the material or potential for lithic 
manufacture. Samples 4 and 5 are similar in composition and weathering, despite colour 
differences. They are both slightly weathered with a varnish formed on the exteriors. The 
texture of these samples is homogeneous. There is no colour differentiation between the 
interior and exterior of both separate samples. Sample 4 is a medium purplish grey, while 
sample 5 is a mottled yellowish brown. The mottling of sample 5 is continuous throughout 
the material and not localised due to weathering. Samples 6 and 7 may not have been 
suitable for lithic production. Sample 6 is a medium yellow material which weathering 
has rendered soft and porous. It is fractured with lichen growing on the exterior. The 
colour of the sample is homogeneous. Sample 7 is also very fractured, but it is not soft. 
The fracturing of this sample may be entirely due to formation processes, as otherwise, 
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the material seems un-weathered. Fractures and vesicles may have made this material 
difficult to work with for lithic production. This sample is a dark reddish brown which is 
generally uniform throughout.  



























































5.3.4 CRAWFORD HILLS SAMPLES 
Four raw material samples were collected from the Crawford Hills site. These samples 
represent the varying colourations and levels of weathering present at the site. Sample 11 
is a dark bluish grey material that is slightly weathered with a varnish forming on the 
exterior. The sample is mottled in colour, but there is no change between the exterior and 
interior. Some mineral loss due to weathering appears to have occurred, as there is slight 
pitting throughout the sample. Even with the inhomogeneous texture of the sample, this 
material could have been utilised for lithic production. Sample 12 is a pale greyish purple 
material, that has a rough, white patina formed on the exterior. The exterior is a different 
colour to the interior as a result of this patina. Despite weathering, this sample is strong 
with a fine-grained texture and would have been suitable for tool manufacture. The most 
weathered sample from the Crawford Hills site is sample 13. This material is an odd, 
medium brownish grey colour, that is mottled possibly because of oxidation or other 
chemical leeching. It is still a hard material, homogeneous in texture on the interior. The 
exterior has definite evidence of oxidation, in the form of a dappled white, grey and 
orange rind. Lichens were growing in this rind, which is rough in texture. It is unknown 
if this material would have been suitable or favoured for lithic production. The final 
sample, sample 18, is a dark bluish grey material that is the least weathered of all the 
samples collected. There is no varnish, patina or rind visible on the exterior, only very 
small areas where oxidation has occurred. No vesicles or inclusions could be identified 




TABLE 5. CRAWFORD HILLS PORCELLANITE SAMPLES. 
Site Name Sample 
Number 



































5.3.5 KATIKI SAMPLES 
Four samples in total were collected from Katiki, including three that were kindly 
provided by Philip Latham (samples PL14, PL25 and PL30). Sample 8 was a pale mottled 
green material which was noted as being very hard when the collected raw cobble was 
cut. A water-rolled cortex was present on this sample, and all others collected from this 
coastal site. The water-rolled cortex did not affect the interior versus exterior colouration. 
There were very small mineral inclusions in this otherwise homogeneous, fine-grained 
sample, but they were too small to positively identify. PL14 was potentially the poorest 
quality sample from Katiki. This sample was a homogeneous pale greenish white material 
that was very soft and chalky. It is unlikely that this material would have been utilised for 
lithic production. No inclusions could be identified, but this material was not as fine-
grained as other samples from this site. Of the samples provided by Philip Latham, PL25 
had easily recognisable inclusions. This sample is a medium greenish grey with speckled 
oxidation occurring in the interior, and unknown mineral inclusions. Despite this, the 
sample is only slightly weathered, remaining strong and had the potential to have been 
utilised for lithic manufacture. The final sample from this site, PL30, is a dark greyish 
black material. This material is fine-grained and strong. There is a white patina forming 
on the exterior, unlike the other samples from Katiki. This material is also water-rolled. 




TABLE 6. KATIKI PORCELLANITE SAMPLES. 
Site Name Sample 
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This chapter has identified the homogeneity of porcellanite grain-size and the highlighted 
the variation in colour and weathering of material, both inter and intra-site. Only two raw 
material samples were collected from Gowan Brae, near Gore, and both varied in their 
colour, weathering and potential for lithic production. Greater amounts of raw material 
were collected from the Little Bremner Creek and Coal Creek sites, where there was 
ample evidence for on-site lithic production, unlike at Gowan Brae. The majority of 
material from Little Bremner Creek and Coal Creek was suited to lithic production, with 
only heavily weathered samples being unsuited. All of the material from these two sites 
was also homogeneously fine-grained and largely free of mineral inclusions. The material 
from the Crawford Hills site, near Galloway, did produce material that displayed 
inhomogeneity in the texture and grain, but was still largely suited to lithic production 
despite this, and despite the weathering. The Katiki site, near Moeraki, was the site with 
the greatest variation in material grain-size. This variation could be attributed to the 
coastal nature of the site and the effects this environment has on the material. The material 
from Katiki still had the potential for lithic production despite the poorer quality of 
material compared to that from inland sites.  
Colour analyses found that there was wide variation in material colours both within a site, 
and between sites. Hand sourcing porcellanite using colour is likely not a viable sourcing 
method. Colour, while seemingly inherent to the formation of material, is highly 
dependent on taphonomic processes and weathering. Surface colour, which is been 
subject to the environment, may be misleading. Both Little Bremner Creek and Coal 
Creek have material that is both dark bluish grey (samples TT3 and 4) and reddish grey 
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(samples 15 and 2). Colour identification is also a highly subjective classification and it 
is not known if the results produced in this thesis would be replicable. However, the 
colour analyses that were produced in this chapter will provide a solid comparison point 
for any visual characterisation of porcellanite in the future, as will the geological hand 
specimen analyses. It is recommended that if porcellanite is sampled, that care be taken 
to ensure that the least weathered, and non-cortextual material is sampled, if comparison 








Portable X-Ray Fluorescence (pXRF) is an analytical geochemical approach being 
increasingly utilised by archaeologists. With rapid advancements in technology, pXRF 
analysis has quickly become an enhancement to the archaeological provenancing toolkit. 
Analyses using pXRF are quick, easily performed, cost-effective and non-destructive. 
However, no research could be located pertaining to pXRF analysis of porcellanite, both 
globally and locally in New Zealand. Therefore, part of this thesis aimed to perform a 
pXRF analysis of raw porcellanite that had been collected from procurement sites in 
Murihiku and identify if there was potential to provenance the material.  
6.2 PXRF BACKGROUND 
The Nobel Prize in 1901 was awarded to the German physicist, Wilhelm K. Röntgen, for 
his discovery and work on X-rays, which are also called Röntgen radiation. X-rays are a 
short wavelength form of electromagnetic radiation, with a shorter wavelength than UV 
rays and longer wavelength than gamma rays. Since the 1950s, X-rays have been used 
for commercial analyses and the first archaeological XRF analysis was published in 1968 
(Jack and Heizer, 1968). Since then, XRF analysis has rapidly advanced and 
revolutionised archaeological science. There are always downsides to revolutions and 
Shackley (2010, p. 17) has critiqued the increasing disconnect between method and 
theory. It is important to reconcile the application with the science, and thus this segment 
will attempt to briefly discuss the scientific theory in order to establish validity.   
Shortly after Röntgen’s discovery, connections were made between secondary radiations 
of a sample and the atomic weight of the sample (Barkla and Sadler, 1907; Barkla and 
Sadler, 1908). Henry Moseley’s work with X-rays led to him arranging elements on the 
periodic table by their number of protons, rather than arranging by their atomic weights 
(Mosley, 1913). It was Moseley’s work which established the base for identifying the 
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relationship between element frequency and the atomic number and thus enabling 
elements to be identified in X-ray spectroscopy (Shackley, 2011, pp. 7-8). Displacement 
is the process in which an electron, which orbits an atom, becomes excited. When an 
electron is excited through interaction with radiation, the electrons displaced from the 
atom produce an ion. If the electron ejected in this way is from an inner shell, an electron 
from an outer shell will move inwards to replace it. In the process, radiation of a 
measurable amount and character is emitted. It is this energy, in the form of fluorescence, 
which is used by the pXRF to characterise the sample.  
The orbits of electrons around an atom are called K through O lines (Figure 6-1). 
Elements up to and including barium (Ba) will show an alpha (denoted as Ka1) and beta 
peak. e.g. Titanium will be denoted as TiKa1.   
 
FIGURE 6-1. ORBITAL ELECTRON TRANSITIONS, ADAPTED FROM SHACKLEY (2011, P. 17). 
During displacement, an electron transitions through these lines of orbit, and is replaced. 
XRF can measure these transitions (Shackley, 2011, p. 18). Early pioneering XRF work 
used electrons to excite other electrons, however, this was a volatile method which had 
high energy requirements. An alternative was to use an X-ray source that had a metal 
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target which induced fluorescent emission in the secondary X-rays to excite electrons. 
The new method still had limitations and problems, but fluorescent emission of X-rays is 
still the most widely utilised method. 
There are interferences issues in all XRF analyses that must be accounted for. Variable 
composition of lithic raw material, for example, can affect the behaviour of photons in 
differing ways, meaning the measurement of fluorescent peaks is not always simple. 
Software provided with modern XRF machines does, however, provide an easy method 
to identify and minimise scatter and overlap (Shackley, 2011, p. 18). There are different 
varieties of peaks and scatter, but these will only be noted, not discussed, in this thesis. 
There are also different methods of XRF, e.g. ED-XRF (energy dispersive X-ray 
fluorescence) and WD-XRF (wavelength dispersive X-ray fluorescence), but this thesis 
will focus on pXRF.  
pXRF instruments are capable of being used in the field or the laboratory. They can 
measure minor, major and trace chemical elements, but in particular, they are adept at 
detecting trace amounts of heavy elements (Liritzis and Zacharias, 2011, p. 109). An 
inbuilt, sealed X-ray tube is used an excitation source, wherein electrons are directed 
toward a layer of high-purity metal, with a high-melting point. Rhodium (Rh) is 
commonly used as the target tube. When energy is released that creates fluorescent 
radiation, it is converted into electronic signals by silicon drift detectors (SDD). pXRF 
instruments and accompanying software largely remove the need for complex human 
interaction, as the software and inbuilt algorithms identify and quantity elements, 
distinguishing them from background radiation. Elements can be detected at the level of 
parts-per-million (ppm). A distinct advantage to pXRF as opposed to other methods of 
analysis is that it is non-destructive, easily utilised, quick and cost-effective.  
6.3 PXRF ANALYSIS AND METHODOLOGY 
6.3.1 SAMPLE PREPARATION 
Each raw material porcellanite sample was prepared prior to pXRF analysis. The samples were 
cut using an 8” diamond-tipped titanium saw blade, to provide both a flat surface to analyse with 
the pXRF and also to reduce the physical size of the raw material. Using the saw presented the 
minute possibility that material from the blade could have become embedded in the porcellanite, 
so the samples were then sanded using 600 grit silicon-carbide sandpaper. After sanding, the 
samples were washed both under running water and then in an ultrasonic bath using filtered water. 
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A Contherm Thermotec 2000 oven set to 40°C was used to dry the samples post-washing 
and prior to pXRF analysis. Samples which were identified as being of poor quality in the 
previous chapter (Coal Creek samples 1 and 6, and Little Bremner Creek sample 16) were 
excluded from the pXRF analysis on the basis of the raw material being unsuited to lithic 
manufacture. 28 samples collected from the Shag River Mouth assemblage, excavated in 
1988 and 1989 by the University of Otago, were also analysed (see Appendix B for 
quantitative data). These 28 samples were measured, washed, and dried before analysis.  
6.3.2 INSTRUMENTATION 
pXRF analysis was undertaken in the archaeology laboratories of the University of Otago 
using a Bruker Tracer III-SD pXRF and the accompanying Bruker S1PXRF 3.8.30 
software. The Bruker Tracer III-SD pXRF machine has a Rh target tube with a 10mm2 
silicon drift detector (SDD). As the Bruker Tracer III-SD pXRF has a target tube 
manufactured from rhodium, meaning the values for RhKa1 were always zero, this 
element could not be analysed in the porcellanite samples. The Bruker instrument has a 
3x3mm surface window over which the samples were placed. For maximum 
effectiveness, all the samples were ensured to be >3mm in length, width and depth. The 
porcellanite samples were analysed using the optimal settings for identifying ‘mid-Z’ elements, 
(Ti to Ag and W to Bi), specifically, 40kv and 10µA for 300 second live time using the Bruker 
Yellow Filter. The window of the Yellow Filter is composed of 12mil Al and 1mil Ti and 
absorbs the low energy portion of the energy spectrum (Conrey, 2014, p. 294). In total, 
24 porcellanite samples, that had been collected from the procurement sites, were 
analysed. Each sample was shot 3 times, each time focusing on a different area on the 
surface of the sample, in case the material was non-homogeneous or in case of mineral 
inclusions. A pelletized USGS basalt standard (BHVO-2) was shot after every 9 runs (or, 
every 3 samples), as a method of tracking accuracy and instrument drift.  
6.3.3 CALIBRATION 
The Bruker Tracer III-SD pXRF is operated using the accompanying Bruker S1PXRF 
3.8.30 software. All trace element concentrations are calculated as parts per million (PPM) 
which needs to be calibrated before further analyses can be performed. Bruker has developed a 
number of calibrations which are specific to materials matrices being analysed. The Bruker 
mudrock calibration created by Bruker was selected as being the most suited to this research and 
the trace elements were calibrated to oxide weight (WT%) from PPM.  
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6.3.4 PXRF RESULTS AND STATISTICAL METHODOLOGY 
The calibrated pXRF results were analysed using Microsoft Excel and the statistics 
software, Minitab 19. Excel was used to perform the initial statistical analyses, including 
calculating the mean and standard deviation for each trace element (as shown in Table 7) 
of every analysed porcellanite sample.  
TABLE 7. TRACE ELEMENT STATISTICS (WT%). 
Statistics CaKa1 BaLa1 TiKa1 CrKa1 MnKa1 FeKa1 
Average 0.795522 0.090796 0.461351 -0.00527 0.027441 2.379751 
STD 0.315232 0.041428 0.150081 0.00431 0.01488 1.004904 
RSTD 39.62581 45.62751 32.53072 81.7384 54.2266 42.22727 
Statistics CoKa1 NiKa1 CuKa1 ZnKa1 AsKa1 
 
Average 0.001821 0.002007 0.015578 0.017795 0.001236 
 
STD 0.000866 0.000848 0.001995 0.005911 0.00039 
 
RSTD 47.57534 42.28119 12.80928 33.21701 31.58155 
 
Statistics PbLa1 ThLa1 RbKa1 U La1 SrKa1 Y Ka1 
Average 0.00127 0.001291 0.017038 0.000812 0.010265 0.001449 
STD 0.000232 0.000442 0.007452 0.000945 0.005881 0.0006 
RSTD 18.28583 34.26204 43.73877 116.3743 57.29391 41.39403 
Statistics ZrKa1 NbKa1 MoKa1 SnKa1 SbKa1 
 
Average 0.016282 0.001127 0.001443 0.000228 0.000717 
 
STD 0.005388 0.000328 0.000756 9.04E-06 0.000265 
 
RSTD 33.092 29.07705 52.44259 3.95943 36.96269 
 
 
As noted by Shackley (2010, p. 19), without using known standards or calibrations, there 
is no way that any analysis can be proven to be accurate. To track instrument drift, a 
pelletized USGS basalt standard (BHVO-2) was shot after every 9 runs (or, every 3 
samples). Appendix A shows the results of the BHVO-2 analyses. Elements that were 
identified as having a high relative standard deviation (RSTD) for the BHVO-2 analyses 
were removed from the porcellanite data set, as it could not be assured that these WT% 
were reasonable. These basic statistics were also performed on the porcellanite dataset to 
identify any potential errors or instrument drift. The standard deviation of a dataset is a 
quantity that conveys how different each datapoint is from the mean of the dataset. The 
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mean refers to the central tendency of the data and it is calculated by combining all the 
values of a selected dataset and dividing that sum by the number of inputs. The standard 
deviation (STD) for all the trace elements was analysed and any elements with values 
<0.001 were removed from further analysis, along with any outliers identified in the 
BHVO-2 dataset (see Appendices A and B). 12 elements out of 22 were removed (BaLa1, 
CoKa1, NiKa1, AsKa1, PbLa1, ThLa1, U La1, Y Ka1, NbKa1, MoKa1, SnKa1 and 
SbKa1). The remaining elements used for analysis are shown in Table 8. 
TABLE 8. REDUCED TRACE ELEMENTS (WT%). 
Statistics CaKa1 TiKa1 CrKa1 MnKa1 FeKa1 
Average 0.795522 0.461351 -0.00527 0.027441 2.379751 
STD 0.315232 0.150081 0.00431 0.01488 1.004904 
RSTD 39.62581 32.53072 81.7384 54.2266 42.22727 
Statistics CuKa1 ZnKa1 RbKa1 SrKa1 ZrKa1 
Average 0.015578 0.017795 0.017038 0.010265 0.016282 
STD 0.001995 0.005911 0.007452 0.005881 0.005388 
RSTD 12.80928 33.21701 43.73877 57.29391 33.092 
 
Minitab (version 19), a software program used widely for analysing data and presenting 
visual statistics, was used to perform further statistical analyses. A principle component 
analysis (PCA) was chosen as a method to further explore the data. A PCA is a traditional 
multivariate analysis that transforms a dataset of likely related variables into a set of 
linearly uncorrelated variables which are called the principle components (Maitra and 
Yan, 2008, p. 80). This analysis is a method of reducing the dimensions of a large dataset 
to more easily identify its structure. All of the samples were coded (see Table 9) to 
correspond to their respective source collection sites, as well as with the sample number, 







TABLE 9. CODES FOR THE PORCELLANITE SOURCE SITES. 
Source Site Code 
Coal Creek CC 
Crawford Hills CH 
Gowan Brae GB 
Katiki  K 
Little Bremner Creek LBC 
Shag River Mouth SRM 
 
It is important to remember that although the PCA is multi-dimensional data, the results 
are typically presented in two-dimensional format. Figure 6-2 presents the PCA results of 
the initial pXRF characterisation of New Zealand porcellanite, plotting the first two 
components, which capture 77.2% of the variation of the whole dataset. The figure 
displays all pXRF shots (i.e. 3 per sample) and utilises 10 variables (trace elements) as 
shown in Table 8 (CaKa1, TiKa1, CrKa1, MnKa1, FeKa1, CuKa1, ZnKa1, RbKa1, 
SrKa1 and ZrKa1). Analysis derived 10 components. Overall, the first seven components 
captured 98.9% of the variation across the data set. A scree plot was created to visualise 
the variation across the dataset (Figure 6-3). This shows minimal difference between the 





FIGURE 6-2. SHOWING THE PCA OF PORCELLANITE TRACE ELEMENTS. 
The PCA plot of components 1 and 2 (Figure 6-2) shows that samples fall into three 
distinct clusters, corresponding to the major geographic regions represented: Gowan 
Brae, Katiki and Central Otago. The Central Otago cluster has non-overlapping internal 
groupings corresponding to the Crawford Hills, Little Bremner Creek, and Coal Creek 
sources. The scale of variation in the data thus reflects spatial distance between sources 




FIGURE 6-3. PCA SCREE PLOT OF PORCELLANITE DATA. 
There are outliers in the dataset which, however few, were likely caused by non-
homogeneity in the samples. This non-homogeneity could be caused by weathering, 
which is most evident on the cortex of the samples. This is despite attempts to minimise 
the possibility of intra-sample variation by cutting and washing the samples prior to pXRF 
analysis.  
A loading plot was produced alongside the PCA (Figure 6-2). A loading plot graphs the 
coefficients of each variable for the first component of a PCA versus the coefficients for 
the second component. The resulting graph (Figure 6-4) shows the trace elements which 
have the largest effect on each component. The variables closest to 0 indicate weaker 
influence on the component. Titanium (Ti) and Strontium (Sr) had the strongest effect on 
the components. Chromium (Cr) had the weakest effect, whilst the remaining elements 




FIGURE 6-4. LOADING PLOT OF THE PORCELLANITE TRACE ELEMENTS.  
6.3.5 SHAG RIVER MOUTH RESULTS 
pXRF analysis of samples from five known porcellanite procurement sites demonstrated 
inter-site geochemical differentiation. To test the archaeological utility of the pXRF 
characterisation, it was decided to analyse archaeological samples and attempt to assign 
them to the known sources. An assemblage from the Shag River Mouth (SRM) site 
(J43/2) was selected for analysis. SRM is one of the largest and most studied 
archaeological sites in Murihiku, as described in chapter Two. SRM is a coastal site, 
~60km north of Dunedin, and dates to the 14th century AD and likely occupied for a 
period of 20-50 years. There were 62 porcellanite artefacts identified from the 
assemblage. These artefacts were weighed and measured (see Appendix C), to select 
samples that met the size requirements of pXRF analysis, i.e. only artefacts >3mm in 
length, width and depth can be analysed with higher accuracy. The assemblage was 
comprised of artefacts from four different excavation units: SM/D Area 1 & 2; SM/D 
Area 3; SM/B; SM B, C & D. A small collection of unprovenanced SRM flakes in the 
Otago Archaeological teaching collection was also analysed. Fifty percent of the 
adequately sized flakes were chosen at random from each of these provenance units. This 
resulted in an initial sample of 31 artefacts, which was then further reduced to 28 artefacts 
after 3 artefacts were found to have large inclusions compared to their surface area. In 
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contrast to the pXRF analysis on known source samples, the Shag River Mouth artefacts 
were shot only once. Low standard deviations and negligible instrument drift were 
identified (see Appendix A), so it was considered unnecessary to repeat analyses of 
individual artefacts. It should be noted that this may not allow detection of outlier errors. 
The Shag River Mouth samples were then added to the known source material pXRF 
dataset and collectively analysed using a PCA (Figure 6-5).  
 
FIGURE 6-5. PCA OF THE KNOWN PORCELLANITE SOURCES AND THE SRM ARTEFACTS.  
The SRM artefacts fall into three groups, and are placed with the Little Bremner Creek 
(LBC), Katiki (K), and the Coal Creek (CC) samples in the PCA plot. No SRM artefacts 
appear to cluster with the Gowan Brae (GB) samples, and are also unlikely to belong to 
the Crawford Hills (CH) source. 
As it is subjective to assign artefacts to source via visual perusal of a PCA plot, a 
discriminant function analysis (DFA) was performed. DFA is a statistical analysis that 
classifies unknown variables and the probability of their classification into certain groups. 
In archaeological research, DFA is becoming increasingly prevalent when group 
membership is an aim (Kovarovic et al., 2011). One issue with this form of analysis, 
however, is that a group membership must be assigned, despite it being a prediction. 
However, all assignations are provided with a confidence factor. A plugin for Microsoft 
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Excel, XLSTAT, was used to perform a DFA to assign the artefacts from the SRM 
assemblage (variables) to known source sites (groups). Table 10 presents the results of 
the DFA. Prediction assignments are based on a scale of 0-100% confidence, with 100% 
shown on the table as 1.000.  













SM C2 L4 Porcellanite 
Flakes Yellow 1 
LBC 0.000 0.000 0.000 0.000 1.000 
SM C2 L4 Porcellanite 
Flakes Yellow 2 
LBC 0.000 0.000 0.000 0.000 1.000 
SM D3 L4 Porcellanite 
Flakes Yellow 1 
LBC 0.001 0.000 0.000 0.000 0.999 
SM D3 L4 Porcellanite 
Flakes Yellow 2 
LBC 0.000 0.000 0.000 0.000 1.000 
SM D3 L4 Porcellanite 
Flakes Yellow 3 
LBC 0.000 0.000 0.000 0.000 1.000 
SM D3 L4 Porcellanite 
Flakes Yellow 4 
LBC 0.000 0.000 0.000 0.000 1.000 
SM D3 L4 Porcellanite 
Waste Grey 1 
LBC 0.003 0.000 0.000 0.000 0.997 
SM D3 L4 Porcellanite 
Waste Grey 2 
LBC 0.000 0.000 0.000 0.000 1.000 
SM D3 L4 Porcellanite 
Waste Grey 3 
LBC 0.010 0.000 0.000 0.000 0.990 
SM D3 L4 Porcellanite 
Waste Yellow 1 
LBC 0.000 0.000 0.000 0.000 1.000 
SMB C4 L2 CC 1.000 0.000 0.000 0.000 0.000 
SMC 153-FF-1 TS-14 K 0.000 0.000 0.000 1.000 0.000 
SMC 210-3 Yellow 2 LBC 0.000 0.000 0.000 0.000 1.000 
SMC 259-FF TS-11 CC 0.972 0.000 0.000 0.000 0.028 
SMD 308-FF-3 LBC 0.000 0.000 0.000 0.000 1.000 
SMD 382-FF-21 LBC 0.000 0.000 0.000 0.000 1.000 
SMD 382-FF-6 CC 0.581 0.000 0.000 0.000 0.419 
SMD 394-FF-1 LBC 0.000 0.000 0.000 0.000 1.000 
SMD 398-FF-4 K 0.000 0.000 0.000 1.000 0.000 
SMD 399-FF-27 K 0.000 0.000 0.000 1.000 0.000 
SMD 399-FF-28 K 0.000 0.000 0.000 1.000 0.000 
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SMD 399-FF-29 K 0.000 0.000 0.000 1.000 0.000 
SMD 407-FF-5 K 0.000 0.000 0.000 1.000 0.000 
SMD 619-FF-25 LBC 0.000 0.000 0.000 0.000 1.000 
SMD 619-FF-26 CC 1.000 0.000 0.000 0.000 0.000 
SMD 624-FF-15 K 0.000 0.000 0.000 1.000 0.000 
SMD 624-FF-16 K 0.000 0.000 0.000 1.000 0.000 
SMD 624-FF-20 LBC 0.001 0.000 0.000 0.000 0.999 
 
In the DFA above, we can see that 22 out of 28 SRM artefacts were assigned to known 
sources (groups) with 100% confidence, reinforcing the good separations apparent in the 
PCA plot. Of the 6 artefacts not assigned with 100% confidence, only 1 sample, has less 
than 97% confidence. Sample SMD 382-FF-6 could be assigned to either Coal Creek 
(CC) or Little Bremner Creek (LBC). There is a slight majority to the Coal Creek (CC) 
prediction, with 58.1% confidence, whereas the Little Bremner Creek (LBC) has 41.9% 
prediction confidence. In the below PCA (Figure 6-6), which is essentially the same as 
Figure 6-5, sample SMD 382-FF-6 has been highlighted in yellow. In the PCA, this 
sample falls amongst other Coal Creek samples.  
 
FIGURE 6-6. PCA OF THE KNOWN PORCELLANITE SOURCES AND THE SRM ARTEFACTS, WITH SAMPLE 
SMD 382-FF-6 HIGHLIGHTED. 
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Based on the results of the DFA, 16 of the 28 artefacts were predicted as being sourced 
from Little Bremner Creek (LBC) (see Figure 6-7). Of the remaining 12 artefacts, 8 were 
predicted as being sourced from Katiki (K), and 4 from Coal Creek (CC). No artefacts 
were predicted as being sourced from Crawford Hills (CH) or Gowan Brae (GB).  
 
FIGURE 6-7. SHOWING THE COUNT OF PREDICTED PORCELLANITE SOURCE SITES. 
6.4 SUMMARY 
Lithics can never truly be sourced. Chemical characterisation and a statistical likelihood 
of correlating to known source data is the best we can do (Shackley, 2008, p. 196). This 
chapter has explored the geochemical characterisation of New Zealand porcellanite; 
something which has never been attempted before. Initial pXRF analysis examined if 
there was potential to discriminate between known porcellanite sources. Samples from 
the five procurement sites showed confident separation between the known sources when 
visualised using a principal components analysis (PCA) (Figure 6-2). In this PCA, two 
sources, Katiki (K) and Gowan Brae (GB), were markedly different. The remaining 
sources, Coal Creek (CC), Crawford Hills (CH) and Little Bremner Creek (LBC), were 
less distinct, but still displayed clear differentiation. To test the potential of sourcing 
artefacts to known source sites, 28 porcellanite artefacts from the early period Shag River 
Mouth (SRM) site were selected for pXRF analysis. A PCA of the pXRF data showed 
promising relationships between the artefacts and the procurement sources (Figure 6-5). 
No artefacts correlated with the Gowan Brae (GB) sources but there were strong clusters 
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Crawford Hills (CH) and Little Bremner Creek (LBC) source sites were clustered, 
however, the artefacts analysed correlated distinctly to Coal Creek (CC) and Little 
Bremner Creek (LBC), while none appeared to be similar to the Crawford Hills (CH) 
source. A discriminant function analysis (DFA) showed that 22 of the 28 artefacts from 
the Shag River Mouth (SRM) could be statistically assigned to known source sites with 
100% confidence (see Table 10). Of the remaining 6 artefacts, 5 were assigned to known 
sources with >97% confidence and only 1 artefact could not be confidently assigned to a 
single source, although three of five potential sources could be ruled out.  
The results of these analyses suggest that porcellanite from Katiki, Little Bremner Creek 
and Coal Creek were utilised by early settlers at the Shag River Mouth site. From a 
geographical perspective, this follows a broad proximity pattern since both Little Bremner 
Creek and Coal Creek can be accessed using major rivers and travel routes, while Katiki 
is the closest and most easily accessed source site. The Crawford Hills and Gowan Brae 
sites are geographically more remote and material from Gowan Brae in particular, is not 
of good quality. Nevertheless, the fact that Little Bremner Creek supplied a greater 
proportion of porcellanite than Katiki, suggests either source material preference (e.g. 
Katiki material is inferior), or that porcellanite procurement was closely associated with 
inland-focused activities. However, geography alone cannot (and should not) be used to 
infer human agency and it is important to remember these conclusions are drawn from an 
etic perspective. For a highly experimental analysis, these results are promising, and there 
is the potential for further study into the possibility of successfully geochemically 










The previous chapters have examined where and how porcellanite occurs, how it was 
procured and whether it can be chemically sourced. This chapter will interpret and discuss 
the data that has been gathered. By explaining the collected data, this chapter also aims 
to address the research questions that were presented in the first chapter of this thesis. The 
first aims of this thesis were to investigate how and porcellanite occurs and how early 
settlers to New Zealand procured this material. Data relating to these questions was 
presented in Chapter Four, while a more detailed geological analysis was presented in 
Chapter Five. Chapter Four also covered the levels of lithic manufacture at the 
porcellanite procurement sites. While Chapter Six presented data pertaining to the final 
research question relating to chemically sourcing porcellanite. In this chapter, 
archaeological theories that were presented in Chapters Two and Three, will be drawn 
upon to provide a framework in which to interpret the data this thesis has produced and 
to answer the research questions.  
7.2 THE IDENTIFICATION OF THE GEOLOGICAL CHARACTERISTICS OF 
NATURALLY OCCURRING PORCELLANITE IN MURIHIKU, AND WHETHER 
THIS VARIES BY SOURCE 
New Zealand’s archaeologically important porcellanites were formed by baking and 
partial vitrification of argillaceous sediments caused by the spontaneous combustion of 
coal and lignite seams (Campbell et al., 2003, p. 11). Jeans et al., (1997) favoured the 
term porcellanite for undifferentiated members of the heulandite-clinoptilolite mineral 
series. This included sediments with a substantial tuffaceous component where outcrops 
appear chert-like but may or may not have the appearance of unglazed porcelain. The 
outward appearance of porcellanite as similar to unglazed porcelain, is a major identifier 
of this rock in New Zealand archaeology. Campbell et al., (2003), note that what has been 
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termed porcellanite in New Zealand geological sciences, differs to the rock termed 
porcellanite by archaeologists. Thus, it cannot always be assumed that geological studies 
of porcellanite in New Zealand, which are few, can be associated with any archaeological 
study of this material. One of the first research aims of this thesis was to attempt to 
identify how porcellanite naturally occurred and whether this was uniform across all the 
archaeological porcellanite procurement sites. Although answering this question is made 
difficult due to the lack of geological research on porcellanite, this section will discuss 
the observations made at the surveyed sites.  
The simplest assessment of the natural formation of porcellanite is the presence or 
absence of material above the ground surface. Table 11 highlights which known source 
sites have outcrops of porcellanite.  
TABLE 11. PRESENCE OR ABSENCE OF OUTCROPS AT KNOWN PORCELLANITE SOURCE SITES. 
Site Name Outcrops of Material 
Craig Road No 
Gowan Brae Yes 
Little Bremner Creek Yes 
Benger Yes 
Coal Creek No 
Crawford Hills Yes 
Katiki Yes 
 
The Benger site, near Roxburgh in Central Otago, was unable to be visited. From a 
distance, a large eroding seam of porcellanite was visible. But no outcrops could be 
securely identified, unlike all the other sites where clear discernments could be made. 
However, the SRF for the site describes outcrops that have been extensively exploited for 
material. The Craig Road site could also not be fully investigated but a clear view of the 
site from the property boundary did not identify any outcrops of material. There may have 
once been outcrops at this site which have been removed through activities such as Māori 
lithic procurement or European agricultural activity. Subsurface material is likely still 
present at the Craig Road site. Crawford Hills, Gowan Brae, Katiki and Little Bremner 
Creek all had visible porcellanite outcrops of varying sizes. There were large outcrops of 
heavily weathered porcellanite at the Crawford Hills site near Alexandra in Central Otago. 
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These outcrops covered the entire hilltop on which the site was located. At Katiki, the 
only coastal porcellanite site, there were outcrops present on the beach. Some of these 
outcrops were large (~1.5mx1m) but they were infrequent. The majority of exploited 
material at Katiki was present in cobbles eroding from a cliff-face seam. At Little 
Bremner Creek near St Bathans in Central Otago, there were small (<30cm) outcrops of 
porcellanite present. These were the smallest outcrops of any surveyed site.  
One aspect of porcellanite occurrences which was easily noted was the presence of seams 
of porcellanite. These seams of material were usually identified through erosion or 
landscape displacement. Table 12 shows that at, apart from Craig Road, all sites had 
visible or inferable seams of porcellanite.  
TABLE 12. PRESENCE OR ABSENCE OF PORCELLANITE SEAMS AT KNOWN SOURCE SITES.  
Site Name Seams of Material 
Craig Road Unsure 
Gowan Brae Yes 
Little Bremner Creek Yes 
Benger Yes 
Coal Creek Yes 
Crawford Hills Yes 
Katiki Yes 
 
The Craig Road site is located on flat land and no seams could be identified via 
environmental surface processes. The site could also not be properly surveyed but it is 
likely there is an in-situ subsurface seam of material based upon previous surveys of the 
site which have identified flaked material at the site and small outcrops. At all the other 







FIGURE 7-1. PHOTOGRAPHS OF ERODING SEAMS OF PORCELLANITE AT: GOWAN BRAE (TOP LEFT), 
LITTLE BREMNER CREEK (TOP RIGHT), BENGER (MIDDLE LEFT), COAL CREEK (MIDDLE RIGHT), 
CRAWFORD HILLS (BOTTOM LEFT) AND KATIKI (BOTTOM RIGHT). 
 
No erosion or other environmental surface processes were visible at Crawford Hills, but 
it can be inferred that seams of porcellanite are present due to the high frequency of 
outcrops at the site. The topography of the site also suggests dense subsurface material as 
the site is constrained to a singular hilltop amongst many hills which display no evidence 
of porcellanite.  
Porcellanite naturally occurs as outcrops and subsurface seams in the Manuherikia Group 
and Gore Lignite Measures. The sites are small and infrequent but are subject to landscape 
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change such as erosion and displacement. There is variation between sites as not all sites 
present outcrops of material. However, seams of porcellanite can be observed at the 
majority of sites, excluding those with no visible effects of landscape displacement, 
wherein seams are easily identified. It is likely outcrops were once present at all sites and 
have been altered either by environmental or anthropogenic effects post-geological 
formation. 
7.3 THE IDENTIFICATION OF PORCELLANITE PROCUREMENT STRATEGIES 
AND TOOL PRODUCTION STRATEGIES. WERE THE SAME METHODS 
ALWAYS USED TO PROCURE MATERIAL? IS THERE IS ANY VARIATION 
BETWEEN SITES, AND IF SO, WHAT IS THE CAUSE OF THIS VARIATION? 
WERE TOOLS PRODUCED AT PROCUREMENT SITES, OR WAS MATERIAL 
REMOVED FOR REDUCTION ELSEWHERE? 
Decisions made at lithic procurement sites impact all subsequent aspects of a subsistence 
system. The quality, form and availability of raw material influences the production 
process and final morphology of lithics (Andrefsky, 1994, p. 375). Time expended 
manufacturing lithics at a procurement site reduces consequent transportation costs. 
Formalised, or specialist tools may not be readily manufactured directly upon material 
procurement and a higher transport cost may benefit the production of lithics at a 
settlement site. If procurement sites are far removed from settlement sites, then it would 
be expected, regardless of tool types produced, that more time would be expended at the 
procurement sites to reduce transport costs. The porcellanite procurement sites were 
carefully surveyed to identify any evidence of lithic manufacture. If evidence of 
manufacture was present, the intensity of production was considered to enable 
comparison with other porcellanite sites. Information on subsistence systems and 
settlement patterns can be inferred through the analysis of lithic manufacture at 
procurement sites.  
7.3.1 CRAIG ROAD 
The Craig Road site, near Mataura, could not be properly surveyed. No archaeological 
material could be identified from the property boundary and thus analysis of this site is 
largely restricted to previous surveys of the site. There is only one SRF for the site and it 
describes many flakes covering the ground surface. No further details are available 
regarding flake characterisation or quantification. Photos from a more recent survey of 
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the site (see Figure 4-4 and Figure 4-5) do not depict any flake material in intensive 
quantities. From these photos alone it is also difficult to speculate as to what type of flakes 
they are or what stage in the reduction sequence they represent. However, as there are no 
flakes photographed in any intensive quantity, it can be assumed that porcellanite 
manufacture at this site was sporadic and sparse. If manufacture was intensive, then flakes 
could be expected in greater quantities, however, post-depositional taphonomic effects 
may have impacted what we now encounter at this site. Largely unprovenanced material 
from somewhere along Craig Road was collected by Graeme Mason during the 1970s. 
Although this material was identified as being coarse and highly fractured, and would 
likely not have been highly suited or desirable for lithics. It should be noted that without 
a proper survey of the site, it would be biased to interpret the second-hand details 
available.  
7.3.2 GOWAN BRAE 
Percussive evidence was visible on the porcellanite outcrops at Gowan Brae, near Gore. 
Material was extracted from the sheltered sections of the outcrops, which had been subject 
to less weathering. Despite evidence of obvious procurement, there was no evidence of 
lithic manufacture at the site. There were no flakes of any form present in the landscape 
surrounding the outcrops. A lack of evidence does not imply a lack of manufacture. The 
property on which the site is located on is a working farm and the areas immediately 
surrounding the site are subject to various agricultural practices. Taphonomic effects from 
landscaping for pasture and stock could have resulted in the lack of flake material present 
on the ground surface. However, the majority of material in the outcrops was coarse, 
highly fractured, contained inclusions and vesicles, and would likely not have been highly 
suited or desirable for lithics. There was material available that was higher quality, in 
comparison to the majority of raw porcellanite at the site. Impact scars evidence that this 
higher quality material was targeted and procured. It could be possible that small cobbles 
of the higher quality material were procured and immediately removed from the site. The 
restriction of quality material within the outcrop would have meant that no large cobbles 
could be removed from the outcrops. However, the form of the raw material at Gowan 
Brae would have impacted decisions made regarding lithic production. Specific targeting 
of small cobbles could have negated the need for on-site manufacture as the size and 




7.3.3 LITTLE BREMNER CREEK 
The Little Bremner Creek site displayed the most obvious and intensive evidence of lithic 
manufacture of any of the surveyed sites. The site is located on a terrace above the north 
bank of the Little Bremner Creek. Pits have been dug to access seams of porcellanite and 
there is one large, circular quarry pit which is the most obvious feature of intensive 
procurement. This main quarry pit is filled with and surrounded by worked porcellanite. 
There are cortical flakes, blade fragments and waste material present throughout the site. 
Multiple greywacke hammerstones were noted, unlike at the other sites where no 
percussive implements were identified. There is evidence of intra-site transport of 
material as there are sporadic piles of weathered and dissolving porcellanite across the 
site. This could be suggestive of people procuring material from the pits and going 
elsewhere to manufacture tools. The site is remote, albeit very close to the Manuherikia 
River which in turns joins the Clutha River. The Manuherikia River also joins the Taieri 
River and is close to the Shag Valley. The branches of the upper Manuherikia descend 
from the St Bathans Range and the Hawkdun Range and to the north of the site, the 
landscape opens into the Waitaki Valley, near Omarama. This places the Little Bremner 
Creek site in an ideal location to be revisited as part of a broader subsistence system. 
Early period Māori were highly competent at water-travel and lithic transportation costs 
would be reduced through waka conveyance. The intensity of production reflects the high 
quality of porcellanite available and the location of the site in relation to other spatial 
activities. Raw material at the site is free from internal fractures and inclusions, and is 
available in large, un-weathered quantities as evidenced by quarry pits. Transportation 
costs may have been high, but this could be offset by the fact that the site was likely 
positioned within range of other organised activities. The Little Bremner Creek is a site 
which provided a reliable source of high-quality porcellanite that did not require intensive 
overland travel.  
7.3.4 BENGER 
The Benger site, near Roxburgh, could not be properly surveyed. No archaeological 
material could be identified from the property boundary and thus analysis of this site is 
largely restricted to previous surveys of the site. According to the last SRF, outcrops were 
the main sources of raw porcellanite at the site. Cores, flakes, and finished artefacts were 
present at the site during the last survey. Material was present in deposits up to 10cm 
thick across the site, which covers an area approximately 300m2. The Benger site is close 
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to the Clutha River, which was a major traditional seasonal migration route (Farminer, 
2013, p. 16) and is still used by hapū and whānau in Murihiku today. There are no 
photographs of the site from when it was surveyed and it is difficult to speculate on the 
exact nature, if any, of production that occurred at the site. Aerial photographs from the 
1940s show that the site was modified with the realignment of State Highway 8, however 
outcrops, possibly of porcellanite, are visible. Evidence for on-site manufacture may have 
been destroyed or damaged by European activities. However, given the evidence from 
the nearby Coal Creek site and the proximity to a major transportation route utilised by 
mana whenua, it is likely that there was at least semi-intensive on-site production.  
7.3.5 COAL CREEK 
The Coal Creek site, near Roxburgh, is closely located to the Benger site which could not 
be properly surveyed. The Coal Creek site has been drastically and continually altered 
over time; land displacement has occurred as a direct result of European mining, and 
related activities. It is very clear that the site has been greatly disturbed and subject to a 
variety of post-depositional effects. The land displacement does, however, highlight the 
intense concentrations of worked porcellanite that are spread across the site. Where the 
landscape has subsided, flaked porcellanite is visible in what would otherwise have been 
sub-surface matrix. Cobbles, cortical flakes, blade preforms, and waste flakes were all 
identified at the Coal Creek site. These artefacts were both scattered across the ground 
surface and embedded in sills of displaced ground. However, no hammerstones were 
identified, and it is likely that these were part of a mobile toolkit and rarely left at site. 
The extremely altered landscape makes it difficult to ascertain where the original seams 
and outcrops of porcellanite were located, and what form the raw material would have 
been in. Despite this, there was ample evidence of intensive lithic manufacture. The raw 
porcellanite at Coal Creek is fine grained and free of fractures, making it ideal for stone 
tools. No areas where material was procured from, such as pits, could be identified, nor 
could any spatial patterning related to specific tasks. This was due to the damage the site 
has suffered through landscape changes. The vast spatial extent of worked material at the 
site may be related to either intensity of manufacture or could be a result of taphonomy; 
worked material may have been dispersed across the site over time as the landscape 
changed. However, as the material is highly suited to manufacture, it would be reasonable 
for intensive procurement and manufacture to have occurred at the site. The Coal Creek 
site is close to the Clutha River and provides ready access to the coast. As noted earlier, 
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both the Benger and Coal Creek sites are close to the Clutha River, which was a major 
transportation route utilised by mana whenua. This would have minimised transport cost 
and the site may have been one of the easier inland sites to access. These sites could have 
been opportunistically accessed during organised subsistence expeditions, and the 
dispersed material across the site likely reflects opportunistic visits.  
7.3.6 CRAWFORD HILLS 
Occupying a hilltop amongst the Crawford Hills near Alexandra in Central Otago for 
which it is named, the site is covered with worked porcellanite. Outcrops were targeted 
for material, evidenced by cobbles of material and material with negative flake scarring 
surrounding them. Raw material does appear to continue to sub-surface levels, but this 
could be an effect of stock trampling. Quartered cobbles are densely scattered across the 
site and this is evidence of the raw material being systematically reduced. Cortical flakes 
were identified at the site, but no prepared cores were located, nor any hammerstones. 
Material may have been procured, reduced and then removed from site for manufacture 
elsewhere. The site is difficult to access and is remote. The closest major river is the 
Manuherikia River, which is ~10km from the site and the Clutha River, New Zealand’s 
second longest river, converges with the Manuherikia River ~12km from the site. From 
the levels of reduced blocks of material, it is likely that material was removed from the 
site for further processing. No finished artefacts were identified on the site and the 
majority of material on site was large cobbles and blocks of raw material. Transport costs 
would have limited production at the site, as would a lack of resources to sustain 
production for any length of time. The Crawford Hills site would have been 
opportunistically visited and its remoteness removes the likelihood of the site forming a 
part of a broader subsistence system. 
7.3.7 KATIKI 
The only coastal source of porcellanite, Katiki would have been easily accessed by early 
Māori who had settlements focused around estuarine environments. The material from 
Katiki has been variously called chert, mudstone, jasper, and porcellanite, and its unique 
predominantly blue-green colouration makes it easy to identify in archaeological 
assemblages. Occurring in a volatile environment, it is likely post-depositional effects 
have rendered the site vastly different to when material was being actively procured from 
it. The site is actually three separate sites (J42/17, J42/25 and J42/66) which have been 
amalgamated for this thesis based on their close spatial proximity to one another. Raw 
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porcellanite occurs as outcrops and beach cobbles which have been eroding from the cliffs 
surrounding the site. There are cobbles present on the beach with negative flake scars, but 
no artefacts were located. It would have been easy to procure the water-rolled cobbles 
and transport them to nearby settlement sites, such as the Shag River Mouth which is 
~10km away. There is no evidence of on-site production, likely owing to both the 
changeable environment and the proximity to more comfortable settlement sites.   
7.3.8 DISCUSSION 
The intensity of on-site production at lithic procurement sites can be reliant on material 
form, quality, availability as well as transport and access costs. Of the seven porcellanite 
procurement sites surveyed, only two can positively be classified as having artefactual 
production occur at the location of procurement (see Table 13). Two sites could not be 
surveyed, and it cannot be speculated as to the levels, if any, of production that may have 
occurred there. Post-depositional aspects effect two of the remaining three sites, with the 
third likely having little production at site due to it being difficult to access.  
TABLE 13. PRESENCE OR ABSENCE OF ON-SITE PRODUCTION AT KNOWN PORCELLANITE SOURCES. 
Site Name On-Site Production 
Craig Road Unsure 
Gowan Brae No 
Little Bremner Creek Yes 
Benger Unsure 
Coal Creek Yes 
Crawford Hills No 
Katiki No 
 
Artefactual production occurred at the Little Bremner Creek and Coal Creek sites. 
Prepared cores, blank blades and hammerstones were identified at both these sites. 
Hammerstones may have been site furnishings (see Binford, 1978, p. 348) which were 
intentionally cached at sites more frequently visited. Site furnishings could suggest that 
intensity of production was anticipated and at the Little Bremner Creek site, where there 
were hammerstones identified, we can see that there was intensive production. Both sites 
are close to major rivers which provide easy transport for material and access to other 
subsistence resources. These sites and the early Māori who targeted them, could fit well 
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into Binford’s model of collectors, who targeted specific resources as part of an organised 
foray from a settlement (Binford, 1979). However, porcellanite was likely not specifically 
targeted, instead, it would have been procured opportunistically. In comparison to 
silcrete, porcellanite could be described as a secondary lithic, which was utilised when 
available but not specifically sought.  
In Chapter Two, formal and informal tools were discussed. Blades were informal tools, 
despite the effort that went in to preparing cores for optimal blade production. Blades 
have been shown to have been used for a variety of tasks (Kooyman, 1985), making them 
informal and situationally adaptable. By these definitions, flake stone tools, specifically 
blades, are curated tools which were created in anticipation of varied situations or 
encounters. The potential exists for blades to be retouched, and snapped blades have been 
repurposed, fitting in with Bamforth’s (1986, p. 39) further stages of curation. Andrefsky 
(1994) noted that the availability and form of raw material will influence procurement, 
preparation, and transportation. The intensive production of lithics at Little Bremner 
Creek and Coal Creek suggests that early Māori took advantage of quality material and 
low-cost transportation. The spatial setting of these sites was advantageous to other 
subsistence tasks, which would have been undertaken in conjunction to lithic 
procurement.  
The lack of artefactual production at the Crawford Hills site likely owes in the difficulty 
in accessing the site and removing any material from the site. The nearest major rivers 
are ~10km away by foot, and the site is situated in the mountainous Crawford Hills. 
Intensive quartering of blocks from outcrops and exploitation of cobbles at the site 
suggests that early Māori highly curated whatever material was removed from the site. 
The Clutha River is the nearest ocean-flowing river the site and travellers would have 
voyaged close to the Coal Creek and Benger sites downstream. This likely negated energy 
expenditure at Crawford Hills, whose location meant it was at odds with the fundamentals 
workings of the broader settlement system.  
Environmental and anthropogenic events occurring post-procurement have made it 
difficult to access the levels of production at Gowan Brae and Katiki. At Gowan Brae, 
there is no lithic material surrounding the outcrops of porcellanite. There is evidence of 
these outcrops being targeted and it would be expected for lithic waste to accompany the 
evident procurement. Agricultural endeavours have likely erased any possible evidence 
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of production at the site. The site is only ~10km from the Mataura River which flows 
downstream into the Pacific Ocean. Transport across the relatively flat landscape, both 
on foot or by accessing the numerous small streams surrounding the site, would have been 
low-effort. At Katiki, the raw material is in an exposed, volatile coastal setting. Erosion 
and other environmental actions have likely removed evidence of lithic production. There 
is evidence of flakes being removed from cobbles at the site. Katiki is also optimally 
located, being easily accessed from settlements along the coast and raw material would 
have been transported at low-cost.  
7.4 CAN PORCELLANITE BE CHARACTERISED USING PXRF? 
Interest in sourcing the material used to make lithic artefacts from archaeological 
assemblages is increasing and is aided by constant improvements in theory and 
technology. Source identification can be performed using visual (including petrological 
analyses) and geochemical methods. Results of sourcing analyses can be used to 
characterise human mobility and infer theories regarding subsistence and settlement 
patterns. Attempts at characterising porcellanite, either through visual or geochemical 
methods, have never been undertaken in New Zealand archaeology. This apparent lack 
of archaeological inclination likely owes to the scarcity of this material in archaeological 
sites and assemblages. The Shag River Mouth (SRM) lithic assemblage from excavations 
in the 1980s, which was analysed using pXRF for this thesis, contained only 2.20% 
porcellanite (Smith et al., 1996, p. 84). Porcellanite was the 6th most populous material of 
11 different categories of lithic material identified at the site. Silcrete, of which there were 
3742 pieces excavated, accounted for 60.45% of the lithic assemblage. In comparison, 
the 136 pieces of porcellanite comprise a very small component of the assemblage. The 
Shag River Mouth is one of the most well studied early Māori sites in New Zealand 
archaeology and if used as a representative standard, it highlights how small a niche 
porcellanite occupies in the broader spectrum of New Zealand lithics.  
Raw material collected from the surveyed procurement sites was utilised for pXRF 
analysis to initially identifying if sites could be differentiated and characterised. A 
principle component analysis (PCA) of the pXRF known source data was produced to 
present the results (see Figure 6-2). A clear separation between known material sources 
can be identified in the PCA results. Source characterisation is displayed in evident site 
distinctions. Artefacts from an assemblage were next analysed to determine if there was 
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potential to identify correlation with known sources. Of the 56 porcellanite artefacts 
available for pXRF analysis from the Shag River Mouth assemblage, a random 50% 
sample was examined. Discriminant function analysis (DFA) predicted that 16 of the 28 
artefacts were likely procured from Little Bremner Creek (LBC), 6 from Katiki (K) and 
the remaining 4 from Coal Creek (CC) (see Table 10and Figure 7-2). No artefacts were 
predicted as being procured from either Crawford Hills (CH) or Gowan Brae (GB).  
 
FIGURE 7-2. SHOWING THE COUNT OF PREDICTED PORCELLANITE SOURCE SITES. 
7.4.1 DISCUSSION 
The only coastal source of porcellanite is at Katiki, which is only ~10km north of the 
Shag River Mouth settlement site. However, based on the PCA and DFA analyses, it is 
likely that the Little Bremner Creek site was the procurement source for 57% of the 
porcellanite flakes analysed from the SRM assemblage. LBC is not the closest 
procurement site to the SRM, which raises questions of mobility. Using QGIS, the linear 
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FIGURE 7-3. NETWORK MAP SHOWING THE SHAG RIVER MOUTH SITE IN RELATION TO PERCENTAGE OF 
SOURCE MATERIAL PREDICTED FROM EACH PORCELLANITE PROCUREMENT SITES. 
The above map presents the linear distance of the Shag River Mouth site from the 
procurement sites, weighted according to the percentage of material predicted as being 
procured from each site. Katiki is the close procurement site to the Shag River Mouth, 
yet only 8 of the artefacts are predicted to be procured from there. Little Bremner Creek 
is the third farthest procurement site, yet the majority of artefacts are predicted as being 
procured from there (see Table 14 for linear distances).  
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TABLE 14. SHOWING THE LINEAR DISTANCE TO EACH PROCUREMENT SITE FROM THE SHAG RIVER 
MOUTH. 
Site Name Distance from the Shag 
River Mouth Site (km) 
Katiki 9.91 
Crawford Hills 103.13 
Little Bremner Creek 107.06 
Benger 118.52 
Coal Creek 118.58 
Gowan Brae 153.96 
Craig Road 178.42 
 
The weight of the analysed SRM material was quantified (Table 15), and despite being 
the closest source, the weight of material from Katiki (K) is less than that from Little 
Bremner Creek (LBC). However, the difference between these two sites is minimal, and 
the 8 flakes predicted as being from Katiki weigh nearly the same amount as the 16 from 
Little Bremner Creek. Coal Creek (CC) the only other predicted source site, from which 
4 flakes were predicted as being sourced from, weigh only 8.33 grams. These flakes from 
Coal Creek were very small, and the site is furthest away of the three predicted source 
sites for the SRM porcellanite assemblage. The sum of material weight from Katiki could 
be explained by the site’s closeness to the SRM site. The sum of material from Little 
Bremner Creek, however, is likely related to the intensity of procurement at the site. 
Distance is likely a small factor in procurement at Little Bremner Creek, as the site was 
well positioned to be accessed during other subsistence forays, and material from here 
could be easily transported to either the interior or to the coast.  
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TABLE 15. SUM OF THE DFA PREDICTED PORCELLANITE FLAKES. 
 
7.5 SUMMARY 
The procurement and utilisation of porcellanite in New Zealand is representative of 
opportunistic behaviour that reflects the place of lithic manufacture within a subsistence 
system characterised by logistical mobility. Known raw material sources were visited 
during broader subsistence forays and porcellanite was exploited according to the natural 
form in which it occurred. The form of raw material determined all subsequent decisions 
made regarding the place of lithics within the subsistence system. If a source site that had 
poor quality material was encountered, then small amounts of material were procured and 
removed from site for further reduction. However, if source sites with high quality 
material were encountered then time spent at the site was extended. This is especially true 
if the higher quality source sites were in favourable locations. Favourable locations could 
be classified as those on well-traversed routes utilised for other subsistence activities, and 
those routes that led to the coast of Murihiku where the largest settlements were located.  
Further time at quality source sites would have involved investment in procuring the 
highest quality porcellanite, potentially by digging pits, and by manufacturing blade 
blanks for transport elsewhere. Large hammerstones may have been furnishings (see 
Binford 1978) of favoured or frequently visited source sites. These hammerstones, such 
as the greywacke hammerstones at the Little Bremner Creek site, would not have been 
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the known porcellanite source sites is always ephemeral. This suggests these sites were 
infrequently visited and that there was no large-scale production industry. This behaviour 
and these decisions are opportunistic behaviour reflecting logistical mobility, reinforcing 









This thesis set out to ascertain how porcellanite was procured in New Zealand. In recently 
colonised landscapes, the locations of lithic resources are unknown to the colonisers. 
Through learning a landscape, colonisers adapt and refine transported and premediated 
settlement strategies. The research of this thesis assessed how archaeologically recorded 
porcellanite sources were utilised, and in turn, this helped to better understand settlement 
strategies and processes. 
8.2 REVISITING THE RESEARCH AIMS 
A total of seven known porcellanite sources were identified in New Zealand. Of these, 
only five sources could be accessed and surveyed. Porcellanite is created through the 
thermal metamorphosing of argillaceous sediments caused by the spontaneous 
combustion of coal and lignite seams. All of the source sites surveyed, apart from Katiki, 
were located in, or very close to, geological units rich in lignite seams. Katiki was located 
in the Waiareka Volcanics and the Onekakara Group, however, there are lignite seams in 
the broader area and Katiki may be an unmapped localised extrusion of these.   
Five of the seven known source sites have raw material present in the form of porcellanite 
outcrops. Taphonomic processes are likely responsible for the absence of outcrops at the 
remaining two sites. With the exception of Gowan Brae, all of the five surveyed sites 
displayed evidence of on-site lithic production. However, the outcrops at Gowan Brae did 
display evidence of material procurement. Material procurement at the source sites was 
dependent upon the form in which the raw material naturally occurred. Raw material form 
influences all subsequent decisions at a source site. At sites where material quality was 
low, then small amounts of material were procured and removed from site. Low material 
procurement and low time at site reduces transportation and subsistence costs, meaning 
more energy can be expended in adjacent subsistence activities. Whereas if material 
quality was high, time and energy were expended to procure more material, including 
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seeking out areas of higher quality material within the site. Sites with high quality material 
were likely revisited as part of the broader subsistence system, with site furniture left at 
the site to expediate recurrent procurement visits.  
The most intensive evidence for procurement came from the Little Bremner Creek site, 
which was the only site to have quarrying pits. Little Bremner Creek also displayed 
intensive on-site lithic production, something which was largely absent from the other 
source sites. Intensive procurement and production likely also occurred at the Coal Creek 
site, but this is hard to identify since European activity has damaged and altered the site. 
The Crawford Hills site displayed evidence for intensive procurement of material, as 
illustrated by the extensive amount of targeted outcrops and quartered cobbles. However, 
there was no evidence for further on-site reduction and this could be due to the very 
remote location of the site, which would have decreased the viability of sustaining, and 
maintaining on-site production. Gowan Brae displayed no evidence of on-site production, 
but the site contains poor quality porcellanite and as discussed, small amounts of material 
were likely procured from here and removed from site. Katiki was the only coastal source 
site, and due to the volatile environment the site is in, it was difficult to identify evidence 
of on-site production. The site is also the closest to the Shag River Mouth site, which was 
a large, well-studied transient village from which an archaeological assemblage was 
utilised for pXRF analysis.  
pXRF analysis was investigated as a research option for this thesis to assess the potential 
for geochemically characterising porcellanite. However, hand-specimen characterisation 
was also attempted. The physical properties of raw porcellanite samples were investigated 
to explore the effects that raw material has upon tool manufacture and to explore the 
potential of hand sourcing the material. It was found that the grain-size of porcellanite 
was largely homogeneous, yet colour was highly variable. Colour analyses found that 
there was wide variation in material colours both within a site, and between sites and 
came to the conclusion that hand sourcing porcellanite using colour is likely not a viable 
sourcing method. Colour, while seemingly inherent to the formation of material, appeared 
to be highly dependent on post-depositional processes. 
Prior to this thesis, pXRF analysis and geochemical characterisation of New Zealand 
porcellanite had never been attempted before. The highly experimental analysis was 
performed on collected raw material from the known source sites and a random 50% 
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sample of the porcellanite assemblage from the 1980s Shag River Mouth excavation. 
Principal component analysis was used as a tool to interpret the pXRF results, which were 
promising. The first round of pXRF analysis was undertaken on samples collected from 
the five surveyed procurement sites. The results of this analysis showed confident 
separation between the known sources when visualised using a principal components 
analysis. Two sources, Katiki and Gowan Brae, were markedly different. The remaining 
sources, Coal Creek, Crawford Hills and Little Bremner Creek, were less distinct from 
one another in comparison, but still displayed clear differentiation. The second round of 
pXRF analysis was undertaken on a random 50% sample of Shag River Mouth artefacts, 
the results of which were analysed in conjunction with the previously analysed known 
source sites samples. Analysis of the assemblage data showed that no artefacts correlated 
with the Gowan Brae source material, but there were strong clusters of artefacts 
correlating with Katiki. There were also artefacts correlating distinctly with Coal Creek 
and Little Bremner Creek, yet there were none that correlated with the Crawford Hills 
source site. A discriminate function analysis was performed, and this resulted in the 
statistical assignation, with 100% confidence, of 22 of 28 analysed artefacts to specific 
known source sites. Of the remaining 6 artefacts, 5 were assigned to known sources with 
>97% confidence and only 1 artefact could not be confidently assigned to a single source. 
The results of this experimental research are promising, and there is much potential for 
further investigation into geochemical characterisation of porcellanite.  
8.3 RECOMMENDATIONS FOR FUTURE RESEARCH 
Despite porcellanite sources being targeted early during the colonisation of New 
Zealand’s, lithics of this material remain rare in archaeological assemblages. Sparsity of 
archaeological material has translated into a sparsity of research on it. With more 
information on how raw porcellanite was procured, more knowledge could be gained on 
landscape exploration and resource use strategies in the early colonisation of New 
Zealand. Anderson, (1989, p. 160) suggested there were 15 porcellanite source sites in 
New Zealand, however, only half of these could be re-identified during research for this 
thesis. Future research could focus on attempting to relocate the unknown source sites, 
and more comprehensively surveying the known source sites. pXRF analysis of 
porcellanite also holds strong potential for future research. The pXRF analysis for this 
research was highly experimental and could benefit from further refinement. Analysis of 
a greater sample of porcellanite flake assemblages would assist in answering questions 
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about broader regional patterns of resource utilisation. Even the limited analysis 
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